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REPORT OF THE SECRETARY OP THE 
SMITHSONIAN INSTITUTION 

a a ABBOT 

FOR THE TEAR ENDED JUNE 30, 1943 

To the Board of Regents of the Smithsonian Institution. 

GEJsnxEiTEN: I have the honor to submit herewith my report show¬ 
ing the activities and condition of the Smithsonian Institution and 
the Government bureaus under its administrative charge during the 
fiscal year ended June 30, 1943. The first 12 pages contain a sum¬ 
mary account of the affairs of the Institution ; it will be noted that 
many activities usually included in this section are missing, wartime 
conditions having forced their suspension* Appendises 1 to 10 give 
more detailed reports of the operations of the National Museum, 
the National Gallery of Art, the National Collection of Fine Arts, the 
Freer Gallery of Art, the Bureau of American Ethnology, the In¬ 
ternational Exchanges, the National Zoological Park, the Astro- 
physical Observatory, which now includes the divisions of astro- 
physical research and radiation and organisms, the Smithsonian 
library, and of the publications issued under the direction of the 
Institution* On page 89 is the financial report of the executive com¬ 
mittee of the Board of Regents, 

THE SMITHSONIAN IN WAKTIME 

At the close of the fiscal year, 33 employees of the Institution had 
joined the armed forces and 5 had left to serve in special capacities 
in the various war agencies* Those leaving included 10 members 
of the scientific staff. Many of those remaining at the Institution 
devoted 100 percent of their time to war projects assigned by the 
Army, Navy, or war agencies, and all other staff members were oc¬ 
cupied in varying degree with such projects, depending on the extent 
to which their special knowledge was in demand* In short, all per¬ 
sonnel and facilities of the Institution and its branches were made 
available and were extensively used in the prosecution of the war. 

The Institution^ normal activities were kept alive to the extent of 
continuing observations the cessation of which would leave perma¬ 
nent gaps in records essential to future investigations, and of main¬ 
taining and caring for the National collections- All other research 
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and exploration projects not necessary for the orderly resumption 
of cultural activities after the war have been suspended for the dura¬ 
tion with one exception, namely, those activities related to a closer 
cultural cooperation with the other American republics. Such co¬ 
operation is of vital importance not only for better relations between 
neighboring countries in the present time of emergency, but also as 
a permanent program after the war. The Institution is particularly 
well fitted to take part in such a program because of its many years 
of friendly contact with the scientists and scientific institutions of 
the other American republics. 

Thus the wartime policy of the Institution has been to use all ifcs 
resources to aid in winning the war, while continuing insofar as 
possible the recording and publishing of essential scientific observa¬ 
tions and such curatorial work as is necessary for the proper care 
of the National collections. 

The Smithsonian War Committee, appointed by me early in 1942, 
has continued to meet regularly with the aim of originating or con¬ 
sidering plans to increase the Smithsonian's contributions to the war 
effort. The Committee has made many recommendations during the 
year, most of which I have approved and put into effect. Several 
war projects have also come to the Institution through my own con¬ 
tacts with Army and Navy officials or through contacts made by 
other Smithsonian staff members. 

It seems desirable to present here, as a record of the Institution’s 
part in the war, a brief statement of such of its wartime activities 
as can be made public. As regards the year’s publications, most of 
which related to the war or to the other American republics, a state¬ 
ment will be found farther on in this report under the heading 
“Publications.” It will be seen that much of the Institution’s con¬ 
tribution is of an indirect nature, for the obvious reason that an 
organization can only undertake work for which its staff has the 
requisite training and experience. In total war, however, accurate 
knowledge of obscure peoples and places and other subjects chiefly 
of academic interest in normal times suddenly becomes of vital im- 
portance to the Army and Navy. In furnishing some of this infor¬ 
mation, urgently needed and o^n hard to get, lies the Institution’s 
major contribution. 

Strategic information to war agenoies .—^As stated, the Institution’s 
greatest usefulness, as in the case of other similar organizations, 
derived from the specialized knowledge of its scientific staff, which 
provided the answers to innumerable urgent questions continually 
facing the Army, Navy, and war agenci^ More than a thousand 
recorded inquiries had been answered up to the close of the fiscal 
year, and probably as many more for one reason or another were 
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not included in the record. Tha great majonty of these ware not 
sini|de questions that coaid be answered on the spot, but wore of 
such a natUTB that oonsiderable time was required to provide a. (5am- 
plate answer. Many Inquiries inTolved a series of conferences or 
thft writing of extended illustrated reports. A list of seleclwl ex¬ 
amples tahulntetl by tlie Wat Committea bHowh not only the very 
wide range of these questions, but ako the extent to which juoiiern 
total war depends on Hcientifio knowledge' Tlie Xustitution was in 
a pei 5 uliarly f^avorablo position to render this type of serTice hecausa 
of its location in Washington, the beadquarterB altw» of the War and 
Navy Departnienta and most of the war agencies. It had the furtlier 
advantage of being closely associated with the Eihnogcographic 
Board, discUBJSd in the next paragraph. 

Ethnogeograrphh — Early in the fiscal year the Institution 

joined with the American Council of Learned Societies, the Social 
Science Research Council, and the Kational Research Coun^ in 
sponsoring the Ethnogeogi'apbic Board, a nfiugovommcntal apenty 
whose function is to act as a clearinghouse between the above inati- 
tutinus and other scientific and educational organlzatiotui througboul 
the country, and the Army, Navy, and war agencies within the 
Goveniiimrit, The Director of the Board is Dr. William Duncan 
Strong, formerly of the Smithsonian Burciiu of American Ethuolt>gy 
and at present on leave from Columbia University. Tlw oStces^of 
the Board are in the Smithsonian building, a portion of its operating 
costs have been defra3red by the Institution, and llirea members of 
the scientific staff of the Bureau of American Ethnology have l»en 
detailed to assist the Dirtetor of tha Board. The War and Navy 
Departments assigned liaison cifficers, and under tho ctier^tic leader¬ 
ship of Dr. Strong tha Board has become the focal point for the 
finding of tho beat source® of strategic information in the fields of 
science within its scope. 

War reeearoh pro/Vfff#.—A number of research and consaitntioti 
projects have come to the Institution through the Ethnog^grap e 
Board, tlie Smithsonian War CommittM, and contacts of various 
officials of the Institution. As these were all of a strictly confiden¬ 
tial character, nothing can he said about them except that they ware 
concerned with many different branches of science, mnuding an¬ 
thropology, biology, geology, physics, and meteorolo^'. Ihcso proj¬ 
ects occupied practiciilly the entire time of the instrument and 
mechanical shops of tlie Astropbysical Observatory, the division of 
rudiution ami otgnJiisJnBi division of Kiigmeeruig^ os we 

os the time of mimerous rnambere of the sci^s^itific staff. 

Intir-Amenean coo/iDrafiVn.—For many years the Institution bra 
been in closo contact with BCientista and cultural organizations m the 
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other American republics through its anthropological, zoological, and 
botanical explorations and field ivork in that area and through the 
wide exchange of its publications for those of scientific institutions of 
Mexico and South and Central America. Thus the Institution has 
been in an excellent position to undertake several major projects de¬ 
signed to improve cultural relations with our neighboring countries 
to the south. Under the direction of Dr. Julian H. Steward, of the 
Bureau of American Ethnology, a Handbook of the Indians of South 
America has been brought practically to completion and is expected 
to be published during the coming year as a Bulletin of the Bureau. 
This comprehensive publication, which will form four volumes of 
text and two of bibliography, is a truly cooperative undertaking, 
for 50 percent of the contributors are scientists in the other American 
republics. Also on the initiative of Dr. Steward, and with Dr. Ralph 
L. Beals as temporary director, an Inter-American Society of Geog¬ 
raphy and Anthropology has been organized, with membership open 
to scientists anywhere in the hemisphere. More than 700 members 
have already been enrolled from nearly all countries on both con¬ 
tinents. A journal with articles in English, Spanish, and Portuguese 
will record the activities of the Society. The first part of a “Checklist 
of the Coleopterous Insects of Mexico, Central America, the West 
Indies, and South America,” prepared under the direction of Dr. R. E. 
Blackwelder, is now in press as a Bulletin of the National Museum. A 
long-needed too] for entomologists, this check list will be used for 
years to come by scientists of the entire hemisphere. A number of 
Smithsonian scientists have visited other American republics during 
the year in the interest of closer professional collaboration. 

OthsT wartime activities. —The new series of publications, Smith¬ 
sonian War Background Studies, will be described in detail in an¬ 
other place. I will say here only that the series is filling a real need 
for authentic information on the less well-known peoples and regions 
involved in the war, and the demand for tlie books was so great that 
editions had to be increased progressively from 3,500 to 8,000 copies. 
In addition both the Army and Navy ordered editions of from 1,000 
to 10,000 copies of several of the papers for the use of service personnel. 

One of the first recommendations of the Smithsonian War Com¬ 
mittee was for a roster of the technical and geographical knowledge 
of the Institution’s staff. The roster has been at the service of the 
Ethnogeographic Board and has been of material aid in enabling 
the Army, Navy, and war agencies to locate quickly the specialist or 
the knowledge they needed. 

Under the direction of the Smithsonian library, a file of illustra¬ 
tions of strategic areas appearing in Smithsonian publications and in 
the more obscure technical journals has been completed and made avail¬ 
able to war agencies. A brief description of the resources of the Smith- 
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sonian library of nearly a million volumes has been distributed to key 
personneL 

For the benefit of members of the armed forces, the Museum build¬ 
ings have been kept open all day Sunday, A set of six colored post 
cards showing striking Museum exhibits was given to servicemen 
entering the Arts and Industries building, where facilities for writing 
and mailing the cards were made available* More than 3CX),000 cards 
were given during the year* A small leaflet welcoming service men 
and women to the. Institution was also made available; in it is de¬ 
scribed the part played by Army and Navy personnel in the past in 
building up the National collections* At the close of the year a col¬ 
lector’s manual for members of the armed forces was in preparation, 
and a plan was being worked out to provide docents for Museuhi tours 
for service personnel* 

SDMMAEY OF THE TEAB^S ACTTVITIES OF THE BRANCHES 
OF THE institution 

National Museum ,—Throughout the year members of the scientific 
staff have been occupied with furnishing technical information and 
carrying on research connected with the conduct of the war* The 
Museum buildings have been kept open all day Sundays for the 
benefit of. service men and women* The Museum collections were in¬ 
creased by 230^31 specimens, bringing the total number of catalog 
entries to 17,808,471. Outstanding among the new accessions were the 
following: In anthropology, 1,443 specimens of pottery and figurine 
fragments from various localities in the United States and Mexico, a 
ceremonial mace of serpentine from Mare, Loyalty Islands, and 
weapons, armor, and musical instruments from the Philippines; in 
biology, a complete skeleton of the African bush elephant, birds from 
New Guinea and Eritrea, the latter a hitherto unrepresented locality, 
two large collections of fishes—one comprising more than 50,000 
specimens transferred from the Fish and Wildlife Service, the other 
nearly 35,000 specimens collected in Venezuela by the curator of fishes, 
and the Frank C* Baker collection of mollusks, comprising 10,000 spec¬ 
imens, one of the important mollusk collections of North America; in 
geology, the John W* Langsdale collection of minerals, a 316-carat star 
sapphire and a 54-carat blue Brazilian topaz, five volumes containing 
1,500 photomicrographs of the structure in meteoric irons, presented 
by Dr* Stuart H* Peny, associate in mineralogy, and a collection 
of 2,000 Triassic fossils from Nevada; in engineering and industries, 
an original truss of an iron railroad bridge built in America in 1845, 
two sets of aircraft identification models used by our armed forces, 
and a collection of specimens to be used as an exhibit of alternates and 
substitutes developed recently to cope with shortages of war materials; 
in history, the finest accession of firearms, swords, and daggers received 
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by the Museum in recent years, the gift of Kalph G. Packard. The 
few expeditions that were in the field during the year were concerned 
with matters connected with the conduct of the war or were the result 
of pre-war commitments. Because of travel difficulties, the number of 
visitors dropped to 1,355,269 as compared with slightly oyer 2,000,000 
in the previous year. A definite count showed that servicemen aver¬ 
aged 25 to 36 percent of the total number of visitors. The Museum 
published its Annual Eeport, 3 Bulletins, 1 Contribution from the 
National Herbarium, and 25 Proceedings papers. Staff changes in¬ 
cluded the death of Dr. Leonhard Stejneger, head curator of the 
department of biology, and the appointment of Dr. Waldo L. Schmitt, 
curator of the division of marine invertebrates, to succeed him. Nu¬ 
merous members of the staff were furloughed for military and naval 
duty. 

National Gallery of Ar#.—The total attendance at the Gallery for 
the year was 1,508,081, a daily average of 4,132 of whom more than 
one-fourth were service men and women. Special activities for mem¬ 
bers of the armed forces have included Sunday evening musical con¬ 
certs, Sunday night suppers for servicemen, and the Servicemen’s 
Boom, which has furnished a place of relaxation for many men in the 
service. Among the outstanding acquisitions of the year were a col¬ 
lection of 23 paintings from Chester Dale; the Widener collection of 
paintings, sculpture, and other objects of art, one of the greatest 
donations ever made to any Museum; and the famous Rosenwald col¬ 
lection of prints, numbering over 6,500 items. A number of special 
exhibitions were held during the year, including an exhibition of 
Chilean contemporary art, the Thomas Jefferson Bicentennial exhibi¬ 
tion, and an exhibition sponsored by Life magazine of 125 paintings by 
leading American artists, in cooperation with the War Department, 
in United States battle zones. There were printed during the year a 
check list of the Widener collection, a new general information 
pamphlet, a catalog, a portfolio of colored reproductions, and nine 
pamphlets dealing with the Gallery and its collections. The daily 
Gallery tours of the collection have been supplemented by tours for 
service men and women on Saturdays. A motion picture on the 
National Gallery of Art was completed in cooperation with the Office 
of Strategic Services; this will be widely circulated among educa¬ 
tional institutions and the general public. 

National Collection of Fine Arfa.—Because of crowded conditions 
in Washington the annual meeting of the Smithsonian Art Com¬ 
mission was not held, and proffered gifts of works of art are being 
held by the National Collection of Fine Arts to be passed upon at 
next meeting of the Commission. Two members of the Commission 
died during the year: John E. Lodge, chairman of the subcommittee 
on Oriental art, and Charles L. Borie, chairman of the Commission 
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since 1935. Fourteen miniatures were acquired through the Catherine 
Walden Myer fund. Five paintings were purchased under the Henry 
Ward Banger bequest; by the terms of the bequest these are as¬ 
signed to various art in stitutions and under certain conditions are 
prospective additions to the National Collection of Fine Arts. Seven 
special exhibitions were held, as follows: Oil paintings, water colors, 
and pastels by Senorita Carmen Madrigal Nieto, of Costa Bica; oil 
paintings by Senorita Fachita Crespi, of Costa Bica; oil paintings 
by Frank C. Kirk, of New York; miniatures by members of the 
Pennsylvania Society of Miniature Painters; oil paintings and designs 
by Simon Lissim, of New York; water colors by Leonora Quarterman, 
of Savannah, Ga.; oil paintings by Walter King Stone, of Ithaca, N. Y. 

Freer GoMery of Ar#.—Additions to the collections included Chinese 
bronze, Persian gold, Persian and Indian paintings, Chinese porce¬ 
lain, and Chinese and Persian pottery. Besides the regular curatorial 
work, the staff devoted much of its time to supplying information to 
war agencies and to translating matter from Chinese and Japanese 
sources, amounting to hundreds of typewritten pages. In addition, 
Chinese and Japanese names on maps of war areas were identified and 
transliterated to the number of more than 5,000. The Director gave 
a series of lectures to Washington school teachers on Chinese culture 
as reflected in the fine arts in furtherance of a plan to disseminate 
knowledge of China in the public schools. Visitors to the gallery 
numbered 53,769 for the year, and 12 groups were given docent service 
or instruction in the study room. John Ellerton Lodge, Director of 
the Freer GaUciy from its beginning in 1920, died on December 29, 
1942. Under Mr. Lodge’s wise administration was developed the 
work of the Gallery in the study and the acquisition of Oriental fine 
arts. He was succeeded as Director by Archibald G. Wenley, asso¬ 
ciate in research at the GaUeiy. 

Bureau of American Ethnology .—^Activities concerned with the 
other American republics have been emphasized during the year, and 
a large part of the time of the staff has been devoted to war proiects. 
Several members have worked nearly full time in cooperation with 
the Ethnogeographic Board in preparing strategic information for 
the Army, Navy, and war agencies. M. W. Stirling, Chief, directed 
the fifth National Geographic-Smitlisonian archeological expedition 
to southern Mexico. Excavations at the site of La Venta in southern 
Tabasco resulted in the discovery of construction details of the stone- 
fenced enclosure, one of the central features of the site. Three rich 
burials contained jade offerings of high quality. Dr. J. B. Swanton 
completed the proofreading of his 850-page bulletin entitled “The 
Indians of the Southeastern United States,” and did further work 
on the now extinct language of the Timucua Indians of Florida. 
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Dr. J. P. Harrington iuvcsUgatod the Chilcotin languages of north¬ 
ern California, and later in tlie yrar dcTOted hie time to the prcpft* 
itition of material for tiie linguistic emotion of the H^dbooU of 
South American Indians. Dr. F, H. H. Bobens, Jr., invwtigated 
a site in eastern Wyoming from which mura than 70 projectile points 
of the Vuma type were recovered. Dr, fioberte devoted the last Iwo- 
thirds of the year to the preparation of a aeries of “eurvival’' arti¬ 
cles from data'furniaheii l>y members of the Smitbeoiiian staff, 
articles were luade available tu the armed forces through the EthnO' 
geographic Board. Dr. J. H. Steward continued his work as editor 
of the Handbook of South irinerican Indians, assisted by Dr. Alfred 
Metrnux of the Bureau stuff. The Handbook, which will consist of 
four voliimoa of te^t and two of biblio'grnphy, was threa-fnurths com- 
at the close Ilf the year. Dr. H. ii* Collins^ Jr., cngngrd 
in furnishing regional and other mformulioii to the armed gervuccs, 
mostly in connection with the Ethnogeographic Board, Dr. 1\ , N, 
Fenton devoted most of his time to projects received by the Ethno- 
geographic Board from the anued ser vices, and contiiiuctl to serve 
as a member of the SmithBoiiian War Committee. Miss Frances 
Densjuore completed two large manuscriptii on Indian music. The 
Bureau published its Annual Repoil and tlirve Bulletins, The 
Bureau library has been nmch hi use ob a source of material for the 
Etliiicgi&ogrftphiQ Bfmrcl oJiil ihe Trur ugcncics. , * 

R'achanffe^.—l'ha Intcrnationnl Exchange Service is 
the official United States agency for the interchange of governmental 
ttnd scientific publications between this country and all other coun¬ 
tries of tliB world. During the year the Service handled a total of 
6ia,48b packages of pubitcationa with a total weight of 248.G18 
pounds. Although the war prevents sbipmenta to many foreign coun¬ 
tries, nevertheless consignments went forward during the year to 
all countries in the Western Hemisphctie and to a number in the 
Eastern Hamisphere, namely, (lieat Britain and NurLhcni Irelaiul, 
Bepublic of Ireland, Portugal, the U,S-S.R., Union of South Africa, 
India, Australia, and New Zealand. Packages which tan not be for¬ 
warded during the war are held for later delivery, Becausa of the 
limited simce at the InBtitutioii, arrangementB werw made to store 
the large acemnulatlnn of hueh material at tlie Library of CougiTjec 
In April lfl42 the Office of Censorship placed a ban on tlie sending 
abroad of the Congrc^jional Record and the Federal Begistcr; in 
February 1043 this ban was lifted, and the Record and RigisLer were 
again forwanlrd to tiiosc countries that could be reached. 

NaitQTwl Zoolcffieal PorA,—By reducing luuiiUcnance work to the 
absolute zninimuni, it baa been possihle to carry on the primary func¬ 
tion of the Zuo, the eshibition of a wide variety of animal life in the 
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best possible condition, in spite of tbn iiicreasing shortages of man¬ 
power, food, and ronterials. The functioning of the Zno is thought 
to be (iartieularly important in wartime bccauite it pi'ovidcs free 
recreation ami enjoyment for thousands of war workers and members 
of the anneri forces. Although automobile trafDc to the Zoo prac¬ 
tically ceased, nererthclesB a greaLly increased number of viaiLons 
walked or came by bus or streetcar. The total niimbBr of visitors for 
the year was 1,074,500, Qffinals eif ihe Zoo hare fumiBhed much 
information regjiriling animals to the War and Navy Departments, 
otlier Government agenciw, and medicu! groups. Conditions have 
precluded expedilions by the Zoo for the collection of animals, and 
few animala are offered for sale by dealers. New Gpecimens, thare- 
forc, have come matinly through gift and eitchange. In addition, 101 
niammabi were tmm and 83 birda hitlched at the Zoo during (be year. 
Despite adverse conditioiia, six species never before in the collection 
were obtained; these included a Bi^erimcn of tho rarely eshibUed 
spectacled bear of the nfirlhem Andes and a white starling from 
Java, also rare in captivity. At the dose of the year the collection 
contained 2,435 animals reliresenting C8l species and suhapccies. 

Aftrophtfjfkal Oiaervafory—A prediction of the march of solar 
variatiou from 1039 thmugh J94&, based on periodiciti«H revealed by 
tho solar-constjiiit values published in volume fl of tho Annals of the 
Observatory, shows that the yeatu 1040 to 1017 will be the most 
portant years to study the sun’s variation eince the early twenties. 
For this resaon, every effort has Ijeen made to keep the three field 
iiLscrvatories in Chile, Californio, and New Mexico in operation. 
Up to the close of iJie year, these efforts had been sucecssM. Further 
Etiidiea of tho short-iiilenal idianges of solar radiation m their rela¬ 
tion to weather have been even more convincing tlian previous re¬ 
sults. The weather effects of individual solar clianges are found to 
last at least 3 weeks. Most of the time of the staff at Washington 
has been devoted to war-research problems assigned by the war serv¬ 
ices, In the division of radiation and organisms, llie regular research 
program was discoiitinuod in August 1942, and since then practically 
the entire time of the staff haa been directed toward solving war 
problems, 

TIIE EST.VBhl.'iHMENT 

The Smithsonian Institution was created by act of Congress in 
1846, according to the teniia of the will of James Smithson, of Eng¬ 
land, who in iftSe lj«queathcd his prnperiy to the United States of 
America “to found at Washington, under the natiie of the Smith¬ 
sonian Institution;, an establishment for the incrcaee and diffusion 
of knowledge among men.” In receiving the property and accepting 
tlio trust, Congress deleriuined that the Federal Government was 
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'without authority to adminiater tho trust directly, and, therefore, 
couBtituted an “esLabEshmeut” whose statutory memlwr^ are ‘*the 
President, the Vice President, the Chief Justice, and the heeds of 
the executive departments.” 

THE BOABD 04* BEGBSTS 

Changes in the Board of Regents diuidng tho fiscal year -were aa 
follo^rs: 

Senator Charles I* MrNary, of Oregon, liaving been reelected to 
Ihf) Senate for the term bcgiimuig January 3,1943, waa reapistintcd 
by the Vico President on February 4. 1948, as a regent to su{:cced 
himself. 

On October 26,1942, the Honorable William P. Cole, Jr., of Mnry- 
Inrid, resigned frmri Lbs House of Keprescntutives, which automati¬ 
cally terminated his torm as a regent; on January 19, 1948, tlie 
Speaker appointed Bepresp-ntalivs Edward E. Cos, of Georgia, to 
succeed him. 

The term of Dr. Boland S. Morris, of PrumBylvania, a[a a citizen 
regent, expired Febmaty 20, 1942. By Joint Besoludon of Congress 
approTcd July S8, 1942, he was leaptxrinted to succeed himaelf for 
the statutory lei in of 6 years. 

The roll of regents at the close of the fiscal year was as follows: 
Harlan F. Stone, Chief Justice of the United States, ChouceLlor; 
Henry A. Wallace, Vice Frceident of the United Stotes; members 
from the Senate—Charles L, McNary, Alheti W, Barkley, Bennett 
Champ Clark; membeis from the House of RcprcsentatiTcs—Clar¬ 
ence Cannon, Foster Steams, Edward E. Cox; citizen members— 
Frederie A. Delano, Washington, D, C.; Roland S- Morris, Penn^l- 
ronia; Harrey N. Davis, New Jersey; Arthur H, Compton, Illinois; 
Vaunerar Bush, Wasliington, D. C.; and Frederic C. Walcott, Con- 
nocticut. 

The annual meeting of the Board of Regents was 
held on January 16, 1043. The regenta present were Chief Justice 
Harlan F. Stone, Canceller; Vico President Heniy A. Wallace; 
Representatives Clarence Cannon, Foster Stearns, and Edward E. 
Cox; citiaen regetita Frederic A. Ilelann, Roland 5, Murria, Harvey 
N. Davis, Arthur H> Compton, and Vatmevar Bush; and Seerc- 
ttiry, Dr, Charles G. ytbbot. 

Tlie Secretary pitscnted hie annual report covering the year's 
activities of the parent Institution and of the several Govemment 
hrnnehea, which waa aocrided by the BfOird, im was also the report 
by Mr. Delano, of the executive committee, covering financial atalia- 
tics of the Tiiatitution. The Secretary stated that owing to the 
exigencies of wartime travel, there had been no meeting of the Smith¬ 
sonian Art Commission during the year. 
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In his sp^ial rojmrt th® Secretary outiumd some of the more im- 
(if^rtant recent actiritieK oirried on by the InstiLutiori and the 
branchy with special emphasis on pLasua of the work directly con¬ 
nected Trith the war. 

FINANCES 

A statement on finances wilt be found in the report of the execu¬ 
tive committee of the Board of Bcgente, page 89. 

PtTBUGArnoNS 

In normal times the TiistUution publishes the results of researchea 
by roernbers of its scientific staff in several scries, namely, the Smith- 
sonion MisedJaneouH CollectionE, the Bulletins and Proceedings of 
Uie National Museum, Contributiona fn>iri the National Herbariimi, 
tho Bulletins of the Bureau of American EtJmology, and the Annals 
of the Astropbysicsl Observatory, It also publishes tho An nual 
BeporU of the Board of Begents, which contain a selection of articles 
summarizing dorolopmente in all branches of scienca, and other oc¬ 
casional publications. In wartime, however, publication has been 
restricted largely to material that relates to the war or is of value 
in stFengthening cultural relatiODs witti the American nations to the 
south of us. Otherwise only such papers were sent to tho printer 
daring the year as seamed for one reason or another lo be of sufiident 
importance to the advancement of seience to warrant publication 
even in wartime. X'bis wartiino [adicy will not bo apparent from 
the titles listed in this yenr^fi report on publications, however, be- 
eauso a largo proportion of the papers issued went to the printer in 
the previous fiscal yenr before the policy went into effect. 

The new series, Smithsonian War Background Studios, begun in 
the summer of 1942, waa plaiuied for the purpose of m alcing avail¬ 
able authentic information on the loss well-known aivas and peoples 
involved in the war. Twelve numbers had been issued at the cl use 
of the fiscal yoar, and four othors were in praso. As the Far East 
and the Pacific islands are probably the least wdl-known of tiia war 
areas, the majority i*f the pa|»r« deal with those regions. A csom- 
pleto list of tho ])apcrs Issued and in press wJU be found in the 
report on piiblicatiuns, appendix ID. The demand for papers in the 
series was unmediate and much larger tlian had been anticipated. 
The editions of the first few papers had been set at 8,500 ooples, 
nearly twice as large as tlio ugjiai editions of SmithsoniaQ papal's, 
but these were soon exhausted. Reprints of these were issued, and 
editions of later were euccessively increased until at the end 

of the year 8,000 copies were being printed. Tlie demand, os might 
bo expected, was greatest from Army and Navy organizatious ami 
petnonnel and from universities and schools. In addition to the 
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Smithsonian editions, the Army and Navy ordered from 1,000 to 
10,000 copies of nearly all the papers in the series. 

Aside from the War Background Studies, there was a constant 
demand from Army, Navy, and war agencies for other Smithsonian 
publications, notably the Smithsonian Meteorological Tables, Smith¬ 
sonian Physical Tables, and World Weather Kecords. Of the 
Meteorological Tables, 5,557 copies were asked for by various Army 
units, most of them going to the Signal Corps. 

Among the outstanding publications of the year not related to 
the war may be mentioned “Compendium and Description of the West 
Indies,’* by Antonio Vazquez de Espinosa, translated by Charles Upson 
Clark, a detailed itinerary of Spanish America written by a Car¬ 
melite missionary in 1628 or 1629; “Fishes of the Phoenix and Samoan 
Islands Collected in 1939, during the Expedition of the U. S. S. 

by Leonard P. Schultz, curator of the division of fishes in 
the National Museum, who accompanied the expedition; and “The 
Native Tribes of Eastern Bolivia and Western Matto Grosso,*’ by 
Alfred M^traux. 

A total of 88 publications were issued during the year, and 194,057 
copies of these and other Smithsonian publications were distributed. 

LIBE.1BY 

The use of the Smithsonian library during the year by the scientific 
staff of the Institution was almost entirely in connection with the 
war, and more than 35 war agencies have made inquiries, borrowed 
books, and sent research workers to use the collections. The branch 
libraries of the National Museum and the Bureau of American Eth¬ 
nology especially have been constantly used by war workers because 
of their extensive resources of geographical and ethnological materiaL 
Keceipt of foreign publications again dropped somewhat but not so 
sharply as during the preceding year. Tlie quantity and quality of 
scientific publications is still maintained at a high level among our 
allies abroad. The publication and receipt of domestic scientific 
serials continues to be practically normal Among the outstanding 
gifts of the year were a microfilmed set of the records of Linnean 
collections and manuscripts of the Linnean Society of London, and 
a collection of 350 books from Balph G. Packard to accompany the 
collection of arms and armor given by him to the Museum. The 
record of the year’s activities includes 6,955 accessions, bringing the 
total holdings of the library to 907,645; 159 new exchanges arranged; 
3,631 “wants’* received; 5,012 %'olumes and pamphlets cataloged; 
11,236 books and periodicals loaned; and 2,135 volumes sent to the 
bindery. 

Respectfully submitted. 


C. G. Abbot, Secretary. 


APPENDIX 1 

EEPORT ON THE UNITED STATES NATIONAL SIUSEUM 

SiH: I have the honor to submit the following report on the condi¬ 
tion and operation of the United States National Museum for the 
fiscal year ended June 30^ 1943: 

Appropriations for the maintenance and operation of the National 
Museum for the year totaled $ 3925630 , which was $ 6 X 5652 more than 
for the previous year, 

THE MUSEUM IN WARTIME 

Although there has been a decrease in the total number of visitors 
to the Museum below that normal for times of peace, the number 
recorded, 15355,2695 indicates the great interest that exists in the 
exhibits. The change in hours to allow the public halls to be open all 
day Simday has permitted many people to visit the buildings whose 
time schedules would not have otherwise made such visits possible- 
This is particularly true of service men and women, about 2,000 of 
whom have been included among the visitors each week end. 

Last year’s report indicated steps taken for adequate safeguard 
of collections- These precautions have gone forward, and a pro¬ 
gram of training has been initiated among groups of employees for 
the protection of visitors, employees, and the various buildings- Air¬ 
raid alarm systems have been installed, fire-fighting, air-raid, and 
first-aid equipment procured, air-raid shelters designated, and com¬ 
plete black-out facilities where necessary established- Practice air¬ 
raid drills were held, both in cooperation with the District of Columbia 
and independently of the city-wide drills. 

Throughout the year members of the staff have been occupied with 
considerable work connected with the conduct of the war, either 
through direct contact with various war agencies or through the 
Ethnogeographic Board. This has included “spot” information in 
various fields, research, and experiment. The variety of these subjects 
IS indicated by the following enumeration of some of the items on 
which data were requested: Camouflage plants; natural vegetation of 
specific regions; illustrations of poisonous plants and of emergency 
food plants and data regarding them; destruction of mosquito-har¬ 
boring epiphytes; distribution of certain plants of known economic 
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ilnport^TLCe I botfiinical eipl oration 5 ih^- pfllatx^blUtj of th^ fiesli of laiidT 
fr^h'Watorj utid morlno animab} their use for food, arnl methods of 
CAptur^f the serv^iceability of hidew and skins for vctrious purposes; 
disease transmission; noxious, poisonoaa^ or otherwine dangerous ani- 
malfi; intemtediate host^ of animal and human parasites; aid in tlio 
|]reparation of survival manuals and other milUary aiul naval hand¬ 
books; distributional lists of insects and othar animals of medical im¬ 
portance ; outlines for insect surveys in foreign areas; instruction in 
mo 5 <iuito identification; collection and preservation of apecimens, 
cepecially these of medical importance; supplying duplicate sets of 
insoot material not other wise readily obtainable for the use of Army 
and Navy medical schools; biolofliical and oceancjgraphic problems; 
marine fouling organiems;; bibliographic surveys; rcoommoudatioits 
regarding personnel. 

Ai^^aiioe has boon given in ibe identification of tribal culture 
patterns chiefly of the island peoples of the We^U Pacific area and of 
continofital southeastern Asia, Other information provide-di in thin 
instance obtained from Museum photographic files, ralated to ilie need 
of our aviators and soldiers to rei. 3 ognke religious casta markings, and, 
to assist in the orientation of aviators, the types of house const ruction 
ia vjirioua porta of soulhem Asia. A ma>^ of information diraetly 
based on the collect!nns was given to auch agencies as the Board of 
Economic Warfare and the War Productimi Bmird, liearing directly 
on the develo|jmeiit of tlie use of substitute materials for civilian uau 
Various articles describing the more remote peitpl^s and thfiir culturea 
were prepared and piibUslieiL 

COU^ECnONS 

The Muslim collactiDus were increased by 230,231 specimens, which 
were included in 1,177 separate aceesiona- Bwaiise of wariime con¬ 
ditions a decrease of SI 1 acce^iona, 54,351 specimens, in comparisoTi 
with the number leceivcd during the previous year wag net unex¬ 
pected. The five deparlmouls registered specimens received as fol¬ 
lows r Anthropology, 2,511; biology, Sl3,8^; geology, &,T25; engi¬ 
neering and industries, 2^66, and historji Most of the ac¬ 

cessions were acquired as gifts from individuals or os a transfer of 
specrimena by Government departments^ The complete report on 
the Museum, published os a separate docinuent, inoludea a detailed list 
of accesaions, but the more important are summarized below. Cata¬ 
log entries m all departments now total 1T30S|471. 

Antk^{^paloff ]/*—Transferred to the division of archeology by Gov¬ 
ernment departments were 1,413 specimens of earthenware vossela, 
potsherds, and figurine fragmants from several localities in Mexico 


EEPOeT or THE secbetahy 


15 

and the United StJites. Importiint gifts from indiYiduals mdnded 
24 earthemvare tcsscIs, iday heads, and projectac pomta from 
ico; a wwden figurines excayated in Florida; and 1 obaidiau mirror 
from a stream 1^ in Ecuador. Outstanding among the flpeamens 
danated to the division of ethnology was a cereruonial majce of serpen- 
tine from the Island of Mar^ This specimen is an excellent example 
of die cercmonifll vfeapons described in French admitific literature 
on New Caledonia and die Loyalty Islande. Other ethnological ob¬ 
jects of special interest ora weapons, pieces of armor, inscriptions 
on bamboo, and musical instruments from Um Philippine Islanda, and 
fishing paraphernalia, took, utenaila, dance masks, a featliered dance 
hcaddi^, and hand-woven costumes from TaHous South and Central 
American localities. The eaUecdon of ceramics waa augmented by 
porcelain articles from Capo di Jfonte molda, dating to about 1821, 
and examples of painted terra cotta made presumably by Greek colo- 
nists at. Apulift, Italy, during the fourth cantury B. C., and eicavated 
at Pompeii. Interesting esomples of American glass included “Bur¬ 
mese” and ^Peachbloiv’' articles manufactured in Massochusotts and 
‘‘C^" glasH from IVeat Virginia. Among the varjuua ooUeetiona 
assigned to the section of period art and textiles were antique jewelry 
from Scotland, Hungary, Portugal, France, Egypt, China, O^lon, 
and the Philippine lalands; Spanish, French, and Chinese antique 
ornamanta] fans; and a tumdwmely ornamented snufTbox bearing 
Ihe registry mark of Bergen, Norway, presented by Mrs. Stejneger 
at the expressed wish of the late Dr, Leonhard Stejueger, for many 
years head curator of the dcpailment of biology. Notable gifts to 
tJie division of physical anthropology included Indian skeletal re¬ 
mains from two ossuaries on a farm iu Prince Georgra County, Md., 
com^leiing a collection from this locality begun in former years, and 
a midget’s skull of ISC cc. capacity, the smallest human mlult skull 
thus far reported. 

/f/o/Dj-y.—-The first complete skeleton of the African bush elephant 
(Htfanydonta, c^lotls) to come to the national coUcjctions and four 
small rodents colleeteii in the endemic plague area in Boliva were 
tho most noteworthy acccaaiona in the division of mammals. 

Particularly welcome among the birds uccesaioiied during the year 
were several forms new to the collection: KepresentatiTes of the 
piieasont genus Anvropftasis and the shrike genus Eu^^lc^■stot^^a from 
New Guinea; 2 spocimeue of the block-lorcd grass warbler {Ghtiwfla 
niffrilora ); 65 species of Ecuadoritm binls; the tyjic of the warbler 
Prtnia fiavivenirit (fflJsflOieri/ and S aTiAH sp^cim^n-B from Eritrc^ai a 
imtfipFeeonted lueaUty^ Another icitfircstkig m- 

eluded birds from the widely scattered coUecLiomi of the United States 
Exploring ExpeditioD of 1838--©. 
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Two rarft forms of West Indian annlced vvisrfe udded to tho eollec-' 
tion of reptiles and anipIiibiajis—Z^orftn^J^iia from Haiti;, 

and T^phIop3f r^dAaj*rfw, from St^ Thomas- 

Two large collections of fishea were received,, one by transfer from 
the Fish and Wildlife Service^ comprising more than £0,000 speei- 
ineib;, and ono of nearly 33,000 specimeiia brought from Venezuela 
by the curator of tisliea. Eare forma accessioned include Ochni^aT^ 

^Am reinkurdii and Uritwphihis gn/thrurm from South America. To 
the type series were addend cotypes of C-yMpotc^w ftwrwrftrt and 
paratypea of N<>tolepidomys^ ifiterm^dius. 

A large accession, comprislfig 4^^300 luisceUaneous insects, the bal¬ 
ance of ihe private collection of the late George P* Engelhardt, was 
received by the division of iniijeKiE^ accompanied by Mr. Engelhard t^a 
estenKive and viiluablo entomological library. As in fomier years, the 
Bureau of Entomology and Plant Quiirantine and its Division of 
Foreign Plant QuEirsiiitiiiea, of the United States Department of 
Agriculture, transferred to the Museum collection a large number 
of insects, this year the tcjtiil being approximately ^,000 specimeus. 
Six flpecimens of tbs thiri] known occurrcnec 

of this trap-door spider Bince it was discovered a century ago, came 
as a gift 

To the typo colleclion of marin* invertebrates were added the 
cotype of DerocAttl^arb fypVutf, upon which a new genua, naw 
family, and new order of crustaceans were baaed, and numerous 
allotypes, bolotypefi, and paratypes of erayfishi^, worms, ostracods, 
and amphibians, A collection of appitixiinalely 700 specimens of 
miscellaneous invertebrates from the Gulf of Afexico was received 
by transfer- 

One of the important mollii^k cnliactiona of North America,^com¬ 
prising upproximately 10,000 specimens, wfis bequeathed to the 
Museum by Dr* Frank C, Baker, together with 17 Iwiind volurnes of 
bis own published writings. Of special interest was a donation of 
1,500 sheila, 50 corals, and a collection of echinoderms from New 
Caledonia, the first material uf omiscajiieticft received in many years 
from [hh now important part of the world. 

Twelve of the seventeen accessions to the collection of helminths 
contained type mate rial: Types of Op^^Ofdina pAarptw-atpiaj Pr&t&- 
»troti§ylm agerlerl^ P. fro»tiy Pretog^ymU^ &JlaWno^, and PwrcAif 
reynoldii* cotypes of P/irallinloffkius and EnjiaryphiuTn 

ocAot&Kf^Kii; paratypes, holotypes, and allotypes of Halocerms kirbyif 
Coryncs&ma and Kpethee uf Acan^A&cephaAi; elides bearing 

cotyiKi Hpecimeii^ of Hymen4)i^pis and additioual slides 

representing four new species. 

Several large collections of [dantsi mostly from Mexico, Central 
America, and South America, wore received os gifts or in exchange^ 
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Eiglil of thesB collections compriseii umro tlian 1,000 EpecimcDS Gfich. 

Ten accessLonii pertaining to minerals—a l,S4S’gmiii in¬ 
dividual of tlie Harrisonvillo. Mo., inalearite, and nine slices of meteor¬ 
ites—wtro added by piirciiase through the income from tlie Roebling 
fund. Tlia largest single aocesiinn nf minerals iras the gift of the 
John W. Langsdale collection, including many good Maniples from 
old American and European localities. HHie outstanding addition to 
the gem collect ion ttas the Sl^-carat star sapphire knomi as tStar of 
Artaban. Tliis beautiful stone ranks with the JineKt of the Museum's 
individual gems. Another ontable gem stone was a 54-carat blue 
Brazilian topa^ obtained through the Frances Ijea Chamberlain fund. 
Dr. Stuart 11, Perry, assnoiato in mineralogy, presented an album of 
five Toiumes conUitiing approximately 1,600 photomicrographs of the 
structure in meteoric irons, which, with the negatives received from 
Br. Perry last year, has resulted in the most complete file of the metal- 
Inrgy of meteoric irons in existence. Dr. Perry ulijo donated a 4,610“ 
gram specimen of the Modoc, Kune,, meteorite. 

Thu tmiHL Imporf ant additions to thccollccdona of invertebmte pale¬ 
ontology and paleobotany were tfie Devonian invertebrates collected 
in the Mississippi Valley States by Prof. A. S. War thin, Jr., and 
Dr, D. A. Cooper. In return for K^Histanre by Dr, C. E. Besser, 
Dr. Fniiico Kasetti, of I^aval University, presented a splenilid set of 
fnssilB and casts of ty’pes from the classic ha,Tility at Levis, opposite 
Quebec City, Canada, Die income frona the Springer fund provided 
13 Devonian crinoids from Ontario, one of i.he most important ac¬ 
cessions of the year to Lhij collection of fossil cchinoderms. A col- 
lecdim of about 2,000 Tnossic fossils from Nevada will nndonbtcdiy 
include many types when Lhe study of these fossils has been completeii 
Among the accessions recorded in tlie section of Cenoeoic inverte¬ 
brates were topotyijea of the foraminifer Fseudophraffmina (P&rporo- 
eyefanfl.) pe-T^vi^a and lioloty|ie and par4ti.yi>e3 of the foraminifer 
P&raiicn£on vrTiesvelanum. 

Tn the division of vertebrute paleontology a large series of speci¬ 
mens from the Oligocene beds of Niobrara County, VV'yo., was aocoH- 
eiuned. fipeeimens wortliy of special mention are nearly complete 
articulate skeletons of various mammals known as Sfetycoid^BTij 
JLr.pti>nuiryx^ T'jctw/tfcynot/fcfM, JJehiietjjif and ffop^cphonfftit. Good 
series of skulls and partial skeletons of the fossil horse M^whippuSf 
the small camel Pccbrotheriuifiy tlm early rhinoceros I7yr<jcodony the 
Equirrel hchrom.yjty and the rabbit Pata^el'affiti) were included. Also 
added to the collection by exchange wens i.ho nearly complete skele¬ 
ton of the primitive deer /f^ertr^tilus calca/^f^ Cope, to be inounted 
for the exJiibition scries; a skull and lower jaws of the Miocene home 
Paraliippua iMnensis and a right ramus of P. hlct^b&rgi; the typo of 
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!i fossil bin! G^ochen rha^ox Wctmori^; and MT teeth of the pavement- 
tootbed shark Pt]/ch<>diiz m&HcnL 

Engin^erinff imd irnlustrii^.—^rom the viewpoint of engineering 
historj^ the mc^t interesting and Tain able aoceHSion was an original 
tmaa of an iron railroad bridge dosignedt constructedi and erected 
by the Beading Bailroad Co. in 1845. The specinienj approximately 
34 feet long, is the only remaming part of the first iron-tmss« double¬ 
track railroad bridge built in America, also believed to be the fir^«t 
iron-tnisB bridgi^ em:ted in the United States. 

Early in the present war there was insHtabed as part of the tniin- 
ing program of our arroerl forces the Uiia of accurately made scale 
models of the types of airplanes nsed by the United Xations and 
the Axis, to teach recognition at sight, of both friend and enemy. Lt. 
Pjiij! E. Garber^ IL S. Navy^ on military furlough from the Museumt 
was flctivoly engaged in the development of thie program, atid i hrough 
him the AfuKeum receiTed two groups of th^ models. Bequeathed 
to the extensive propeller collation by the inventor^ Dr* S* Albert 
Reed} was a full-si^ed mo{:|e!, known as the D—of an aluminum- 
alloy propeller that is now recogniEed as one of the early successful 
types. Another accei^smn of hlstnrioftl interest, likewbio presented 
by the inventor^ H. XL Franklin, was comprised of four die castings, 
which are excellent ex^imples of early attempts to prtidiice finished 
castings m metal diea. Of current interest is the accession of a scale 
model of a plant used for producing high-grade motor fuel for aviation 
gasoline blending s^tcck. An exhibit of timely educational value in 
the section of mineral technology ia one of abrasives and grinding- 
machine operations. Thia exhibit, which haa bmn jjtudied frequently 
by the personnel of Government war agencies, has been modernized 
during tha y^r, and 178 specimena were added. 

In the division of ci'^fts and industries there were received several 
specimens of special interest becau^ of their bearing on the war^ 
X new surgical stibching iJiistriimEnt oparaled as a i^ewing-machine at¬ 
tachment, together with a felt sampler showing numerous types of 
surgical suturing; a sample of cap ribbon of a new type adopted by tbe 
United Spates Ifavy, in which letters in gold leaf are fussed in Jo a cut 
rebbon of acetate rayon, Instead of the silk ribbon cmbroidere^l with 
gold thread formerly iiHsd ; J«pecliriDnH of nylon and cotton woven 
webbing used for the harness connecting the aviator to his parachute; 
and new specimens to be used as an exhibit of alternates and sub- 
stitnteH developed recently to cope with shortages of war materials* 
Of special interast in the public^heaHh collections was the addition of 
a colled ion of Lxid inodels arranged to riiow the doily food require- 
nienL Important additions to the wood collection were 18 samples 
of tropical American woodi; that had been received by the Bunf^au of 
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Ships, Niivy Department, for teeting in some phii«e oi their wartime 
sliipbnilding program. 

In the division of graphic aria a Jarge collection of wor posters 
constitutes u valuable addition to the pictorial and historical record of 
our p^ticipation in the trar. Many wore deaigiied by outstanding 
American artistn, a fact that enhancea tiieir purely historical value. 

ITifl most important aoceSHioii received by the section of photog¬ 
raphy woa a Woodward Solar Camera. No other example is knoiiTn 
to exiat, and it came to light largely as a reaitlt of the Natiou-wido 
drive for scrap metal. This type of camera was manufactured under 
pat«nt£ dated between 1857 and ISTT, and it wag tlie first means 
available to commercial phologrsphen; during the latter half of the 
nineteenth cent^y for making photographic ^largemenla on the 
then alow bromide paper, iiaitig the sun as a source of iUununatioii. 

three moat important accessions of the year in the 
ill vision of history were in the fields of art, attna, and numismatics. 
The first of these, received by b«iueet, consisted of hve paintings of 
unusual interest not only because of their artirtic and historical value 
but also because they complete the coUection of paintinga on historical 
subjects by J. D. G. Ferris, 71 of which were presented by Mra. Ferris 
in 10S2, after the death of her husband. The finest accession of fire¬ 
arms, sworda, and daggers received by (Jie National Museum in recent 
yeara came OS a gift from Kalph G. Packard. The collection illus¬ 
trates the evolutiiin of firearms from the matchlock to the automatic 
of the presont day and includes all the methods of ignition need 
during the past llSD ycaca. The accession of most importance to the 
numismatic eection was the large collection of coins, medals, medaleta, 
and tokens presented by Die Hon, Fredoric A. Delano, a regent of the 
Smithsonian Institution. 

Additions fn the stamp collection of iinusual interest were sUnijw 
of Great Britain overprinici «M. E. F.” (Middle Bast Force) for 
use in tJie former Italian territory of Eritrea, and stamps issued by 
the Norwegian Government in l^don (ustal on letters carried by 
Korwe^an warships and merdiant veasels), and by the exiled Yugo¬ 
slavian Ooverjinient in England- 

EarndBAnoKs and Taui wobk 

Field explomtioDs for the year were concerned in the main wiUi 
mutters connected with tbs conduct of the war or with commitments 
dating back to the pre-war (leriod. With the usual program cur¬ 
tailed, the scope of the investigations has been changed, though 
valuable results in a variety of directions have been achieved. 

A-fithfopoIofftf, —^Dr, Waldo li. WodeJ, associate curator, division 
of archeology, woa detailed to the Bureau of American ELlmology 
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from jAJiuary IG, 1&43, to June 1,1943, in order to ossiet M. W. Stir¬ 
ling, Chief of the Bureau, in archcologicnl oscavaiiona near La Venta, 
in the State of Tabasco, Meiico. These esoavations, conEtituling an 
important prognim of rexeiirch among the Pnn Amaricati republics, 
were Eponsoreil jointly by the Smithsooian Institution and the Na¬ 
tional Geographic Society. 

Biology.—In pursuance of the program for the furtherance of 
cnltiinil relations with BcienliKts in the other American reiiuhlica in 
coaperation with the Department of Stata^ three members of the 
department of biology—Dr. Remington Kellogg, curator of mammals, 
Ellsworth P. Killipi aHsoeiate curator of plants, anil Ur. Waldo L. 
Schmitt, curator of marine invertebrates— Tisited South America for 

peri wIs of approximately 3 montJiseach. 

Dr. Kellogg left Wnshingtou on Mard* 3 for Rio dc Janeiro, Brazil, 
and returned May 15, 1943. He spent most of his time working hi 
collaboration with members of the staff at the Museu Kaeional at 
Rio do Janeiro, with additional con taels at the Departamento da 
Zooltpgla at Sao Pauio ami the Museu Goeldi at Belem, The work uf 
lield stations and laboratories engageii in tlie study and control of 
tropical diaeoscs was observed, particular attention being given to 
research work involving Brazilmn maumiHls suspected of being, or 
known to I», Ltie hosts of vectorK of transmissible diseasea. Through 
the friendly cooperation of the Fundacuo R>ckefeller, Dr. Kellogg 
was enabled to spend a week at its yellow-fever field station near 
Therezopolia in the Serra dos Orgaoa. 

Mr- Killip was occupied during March, April, and most of May in 
Venezuela. Part of the time was given to field work and part to work 
with Dr, HcJiri Pittier, director of the Servicio Botdnico, and hia 
associutea, in the identification of large cullectloiia recently made in 
little-loiowu parts of the Republic. Short collecting trips were made 
to Santa Luda in the State of Mirnndu, Rancho Gnmde in the Parque 
Nacioiid, Barciuiaimeto in the State of Lara, aiul El Junquito in the 
mountaina near Caracas, At the invitation of O. E. Nelson, in charge 
of the Venezuelan office of the Rubber Reearve CorpHiruiion, Mr. Kil¬ 
lip accompatiieJ a rubber-investigntion party to tho Rio Paragua, a 
river rising in the I*)M-araima lilountains. Most of the plant collecting 
was done between the town of La Paragua and tlm Cent) Guaiquitiima, 
a region tliat had never befortj been explored boCanically. 

Dr. Schmitt left. Miami, Flo., on April 13 for Brazil, Uruguay, and 
Argentina, and returned to Washingion on .Imia 30, 1043. He eon- 
suited with members of the h-tufTa of various scientific iuftitutions and 
spent EODie tiirifi examining collectiouB, particularly of fresh-waier 
crustaceans, some of which liavo conAulernble ecunotnic importancfi, 
fn Brazil lie visited tlie Muiieu Nacional in Rich da Janeiro, the Univer- 
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sity of Sao Paulo and tbo Dcpartomanla ile Zoologia at S5o PaulOj a£id 
the Afuseu Pamnaense in Csirityba, In Uruguay lie gLudied at the 
Mu^eo Naclonali tho Atixsco InsLuuto G^logico del Unjiguajj the Mu^eo 
dfl Pffiin^gico and the Mujoo £nselia;ca Secundariji de Univer- 
sidadt alJ in MontcsyideD^ und tlia mn^um of the Liceo in Paysandfk. 
Ill Argnnthm he examined eolleetions and Tiaiterl Lite suff of the 
Museo Argcritinu de Cienchis Naturalea and the University at Buenoi 
Airaa^ the La Plata Museum at La Plata, the Muatso Cortinlio Moyano 
and the Univat^idat] de Cnyo, both at Mendoza^ the Universidad da 
Cdriloba at Cdrdoba^ and the Univer&idad de Tucuinfin at TuournAni 
The direelor and HtnS members of the laboratories of the Direcci£n 
Hegional de Paludi^o assisted him on immernus occ^asiorts through- 
out northern Argentina^ particularly in Tucum&n^ Salta, and Jujtiy, 
His field work^ accamplii^hed whan Linie and other obligatioTis per- 
mil ted} included studies in Brazil at Alto da Scrra, Sao PaulO} and at 
several localitiea in the vicinity of Curityba, Paran^^ in Uruguay at 
Paso de los Toros^ Salto, and Paysandii} and in Argentina at Mendoza, 
Tucuman, Saltn^ San Loren^O} and Quijiino. 

Philip llershkovitZ} who before the outbreak of the war had started 
hia invr>iti gat ions on the maiTiiualian fauna of the northeastern part 
of Colombia under the Walter Eathbone Bacon Traveling Seholar- 
shipj l^etween June 30j and April 16, i&43, worked mainly in the 
Department of Magdakna, Colombia, More recently Mr, Hersliko- 
vita has moved camp to the Department of Bolfvar^ 

M. A. Carriktsr^ Jr., under the W. L. Abbott fund of tlie Srnilh- 
sonian Institution^ contmued work on the Colombian avifauna in 
northeastern Colombia, iiiul Walter A. Weber} ahi^j traveling under 
the Abbott fund, accompanied the archeological expedition sponsored 
jointly by the Smithsonian InstitiiLion and the Kationa] Geographio 
Society to Tabasco, Mexico, during which expedition he obtained 
alKjiit 6fJ0 siTCcimens of birda for the Museum collectionst Mr- Weber 
also visitcil tlve InstJtuto de Biologfa at Aiexico City, 

<7dofi?<7y*"WhLlc field work for upbuilding the exhibits has been 
curtailed, rusiyirdies in gc^neral gsoli>gy Tvera increased. Late in July 
Prof. A. S. Wartliin, Jr-, and Dr. G. A, Cooper left for a survey of 
Devonian rocks in Illinois and adjacent Statea. The purpose of the 
trip was iti correlate isolated areas of Devonian exposures in Illinois 
with the better-known sequencoa in Missouri and lavras and for the 
first lime Audi correlations wera establialual in ihni promising area 
for new oil fielda After the return of Dr. Warthin, Dr* Cooper went 
to i?oiiihi-a8tern Mis?souri to re[iort on a deposit from which several 
bones of a dinosaur had been taken. 

Later in tho year* under the cooperative work between the Depart¬ 
ment of State and the SmiLhsonlon Institution^ and as the result of a 
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special request by Iiig. Luis Flores C., of tbu Iniitituto Geol6gico da 
Ar^jcico in Mexico Cityi Dr. Coopiir was dctailisd to make an tKiononiic 
surwj in Mesicu. This field work, which wiia in conaectioQ with 
search for war mincrolfi, resulted in the discoTOry of a long sequanea 
of Cambrinn rocks aSHoeiated with ore deposite. 

Dr. W. i\ Foaliag, on detail fmm tlie Mu.scnm, spent the entire year 
in continuation of Ida work in Mexico supervising aurveya for stra¬ 
tegic Eiinerals for the United Stntea GcoiogitAl Survey. 

Only brief mention was made in last year’s reimrt of tlie field ex¬ 
pedition of the Smithsonian Institution to Wyoming under the direc¬ 
tion of C. W. Gilmore, since it extended well into the present fiscal 
year. Accompsmied by George F. Sternberg, George M. Pearce, and 
Alfonso Segura, of the Mnaeo Kaciojial in San Jos^, Costa Eica, the 
party spent 2^ months in a systematic Boarcli of the Hat Clock 
Basin area, Niobrara County, Wyet., for Oligoocne vertehrate fosaile. 
This work resulted in fosSembling a collection which, when combined 
with the specimens obtained in 1&82, gives the Museum for the first 
time an adequate r«priiH«niution of this important fauna- 

M1 5Cmj.AHE»Ua 

Visitoft .—Curtailnumt of train and bus tnivel and the raLioning 
of gasoline resulted in a further reduction in the number of visitors 
at tile various Museuni buildiugs. The total recorded during the 
year was 1,3.5^,200, as against 2,042,piT for the previous year. The 
largest attendonoe for a ringte month was in August 1042, with 163,413 
visitors, and the second largest was in July 1D42, with 130,11L The 
attendance in the four Bmithsonian and Museum building:s was as 
follows: Smlthsomon building, 264,IlT; Arts and IndustrieB build¬ 
ing, 516,510; NnturftI Hiatory hullding, 424,055; Aircraft building, 
150,187. 

Fmm November 1, 1042, to June 30, 1543, a separate count was 
made of members of the armed forces who visited the buildings dur¬ 
ing the first T days of «aidi montli. This count »ervvt1 to show that 
attendnnea by servicemen averaged 25 to 35 percent of the total 
number of visitors. 

PubliCcUioTJs tiTitl —Tho sum of $27,750 was available dur¬ 

ing the fiscal year for the publication of the Annual Beport, Bulletins, 
and Proceedings of the National Museum. Publications issued num¬ 
bered 30 —the Annual Be port, 3 Bulletins, 1 Contribution from the 
National Herbariiim, and 2.5 Proceedings papers. A list of these pub- 
licatione is given in the report on publications, appendix 10, 

Volumes and wparateu diatrihuted iluring the year to libraries, 
institutions, and Individuals throughout the world aggregated 55,631 
copies. 
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i^xhibUy, — Tvi'ftIvH h^wihI e^hihit^ 'werB IibIiI during thB yc4r 
luider the flU£;piec6 of Terions educational^ soicntifict recreational ^ and 
govemmental groups. In additiati the department of enguiG^rmg 
and industries arranged 27 special displays—12 in graphic arts and 
15 in photography. 

CKAXO^ nc OBGAlCI2ATI0£)r AND PTArT 

Tu afford a more uhuoI dcftcrlptioo of the functions of Dr. Alexander 
Wetmore^s position^ on January 16, 1943, his title ivas rjiang&d to 
As^stant Bermtary, Smithsonian Institution, Director, United States 
KationalHuscunL 

Tn the ilepurtnienL of anthropology Dr. Joseph E. Wcckicr, Jr., 
associate curator in the diYision of etlinology, resigned fui Jmiuary 6, 
1943. 

Following the death of Dr. Leonhard Stejneger, head curator of 
the department of hiohigy for many yearSj Dr. Waldo L. Schmitt^ 
eurator of the diTidon of marina inTertebratos, was advanced to the 
position of head curator of the department on June IG, 1943^ Dr. 
Doris M. Cochrantitle was chungc^d on March 27,1W3, to associate 
curator in charge of the divlsiori of reptiles and batrachians. In the 
rliFiNion of mollusks. Dr. llarald A. Eehder was reallocated to as¬ 
sociate curator and Dr. Jo^seph P. E. ^rorrison to o^istant curator 
on September 1, 1942. On July L 1942, Walter A. Weber was ap- 
pointed assistant curator on the staff of the di viaiun of birtls to gucceed 
8 . Dillon Kipky, 11. 

During the absence of Frank A. Taylor, wlio ia now on ruilitary 
duty, the head curator of the deportment of engineering and in* 
dustrics, Carl W. Mitman, assumed charge of the division. In the 
division of engineering Fred C. Reed was appointtnl acting ossociate 
ciimtor nil Auguai 1, 1942, while Paul E. Garber b on mlUtary 
furlough* Other division of engineering staff appointsenta, lij be 
effective only for the duration of tha war^ are: Kenneth M. Perry, 
advanced from exhibits worker to senior scicnti&c aid, August 1, 
1942; BurHe Parks, transferred from the Museum property office to 
the |>peitmn of exhibits worker formerly held by Mr. Perry. Dr. 
Wallace E. Duncan, assistant curator, section of chemical industries, 
resigned on July 31, 1942. The vacancy caused by his resignatTon 
was filled November £, 1942, by the transfer of Joseph W. Sehtiti 
from the Social Security Board. 

An honorary appointment was cOTifcrred on Dr. Walter K* Fisher 
as associate in aoology on iJune 25, 1943. The honorary title of Dr* 
T- Way land Vaughan waa changed on July ES, 1912, from associate 
iu marine sediments, department of biology, to associate in paleontel- 
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0gy in lliB department of geobfiyi to repreafiat his eiisting actiTitics 
more properly. 

Employees furloughed for duty during the year were as 

follows: ErerEtt A. Altizer, on July 6, 10421 Eaul E. Garber, on 
July fl, 1042; Samuel T. Fettcrman, on July 20, 1942; Dr. Charles L. 
Gazin, on July 20, 1042; Preston L. TruTera, on July 22, 1942; John 
L. Theunissen, on August 24, 1942; Ernest Desantis, on September 
30,1942; John H, J. Peck, on September 30,1942; Glen P. Shephard, 
on October 15, 1942; Dr. Sfarehal] T. Kewman, on Decemlwr 8, 1043; 
Harold W. hfcGiverin, on December 11, 1942; and Frank T. Taylor, 
on April 14, 1943. Furloughed fur duty in private industry; Ed¬ 
ward Zurnnski, on January 23, 1943, and Charles F. Huselstcin, on 
May 2B, 1943. 

trough the oiieration of the retirement act, Joseph H. Boswell, 
principal guard (sergeant), on June 80, 1913, retired at his own 
option with IT years of government servioe. 

The year was marked by the death of several staff members long 
coimceted with the Mukeuiu. The death of Dr. L^mhard Stejneger 
on February 23, 1943, has deprivetl the Museum of one of its most 
widely known scientists, Harry S. Jones, iirim-ipitl nieclianic, fore- 
man of electricians, died suddenly Seiitember 11,1912; John D. Ray, 
junior laborer, died October 23, 1942; and Jennie T. Jackson, char¬ 
woman, on August 29,1042. In addition to tliese t!ie honorary atalf 
lost Dr. Samuel W. IVowlhouse, collaborator, section of ceramics, 
department of aiitiiropology, by death on February 2, 1943, and Dr, 
Mary J, Rathbun, associate in zoology, department of biology, whose 
death occurred on Ajiril 4,19-13. 

RespKilfulIy submitted. 

ALEiANoea Wbtmoiue, Aeshtant Secretary^ 

Directoff U, S. i\fatioTial ^usawn. 

Dr. C. G. Abbct, 

Secreiaryj Smithtoni<in Inttikiiion. 
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APPENDIX 2 

REPORT ON THE NATIONiVL G ATA.BKY OF ART 


SiB: 1 hiive the honnr iti submit, on behalf of the Board of Trustees 
of the National Gallery of Art, the sixth annual re[K)rt of ike Board 
cov^erinf' its operulmns for the liiHatl year ended June 30, 1043. This 
report is made pursuant to the prorisiens of the aut. of March Bl, 
1937 {f»0 StaL 61 os amended by the public resolution of April 13, 
1939 (Pub. Res. No. 9, T6th Cong.). 

cntOAHiZATroir akd siArr 

During the fiscal year ended Juno 30, 1943, Ihe Biianl T9a3 com¬ 
prised of the Chief Justice of the IFuited States, Harlan F. Stone; 
the Secretary of State, Cordell Hull; the Secretary of Uie Treasury, 
Henry hlorgenthau, Jr.; and the Secretory of the Smithsonian Insti¬ 
tution, Dr, C. G. Abbot, ex ofTicio; and five general tnistewj, David 
K. E. Bruce, Duncan Phillips, Ferdinand LHinmot Belin, Joseph E, 
Widencr, and Samuel II. Kr^. 

At its annual meeting held Febniary fi, 1D4S, the Board reelected 
David K. E, Bruce, President^ and Ferdinand Laminot Bel in, Vice 
Presiiletit, of the Board, to serro the enBuing year. The esecutive 
officers continuing in office during the year were Huntington Gainia, 
who succeeded Donald D. Shepard, resigned, as Secretary-Treasurer 
and Genei'ol Counsel, and took office on January 13,1943; David E, 
Finley, Directorj Harry A. McBride, Administrator; John BaLker, 
Chief Curator; and MaegtU James, Assistant Director. During the 
ytiir Donald D. Shepard was appointed Adviser to the Board; 
Elizabeth Mongnn w-as apiwintHd Curator of Painting, Decorative and 
Graphic Arts; and David Kcppel was appointed Associate Curator 
of Prints. 

The three standing committees of the Board, provided for in the 
bylaws, as constituted at the annual meeting of tho Brard, held Febru- 
ary 9,1943,were: 

WCECnUYK CVMMir™ 

Chief Justice of the Uultcd Harlfin F. SIqu^, cbslrmwi 

DiiTiU K. Ej. Bmeo, tIcb chnJnnaD 

SecrvLicry of tlnf Jmilltiitlont Pf* C. O- Abbot 

Ferdlnaod lAmzqot Bello 

DuncAU Phillips ^ 
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PmiJICE CUUHinEE 

Secretary of the Treasury, Henry Morgen than, Jr., chairman 

Darid K. B, Brnce, vice chairman 

Secretary of States Cordell Hull 

Ferdinand Lannnot Bella 

Samuel H. Kress 

ACQTJismoKs coiuinrEz 

David K. B. Brace, chairman 
Ferdinand Lammot Belln, vice chairman 
Duncan Phillips 
Joseph E. Wldener 
David E. Finley, ex officio 

All positions with the Gallery (with the exception of the executive 
and honorary officers) are filled from the registers of the United States 
Civil Service Commission or with its approval. By June 30,1943, the 
permanent Civil Service staff numbered 232 employees. Since the 
opening of hostilities, 41 members of the staff, or approximately 18 
percent, have joined the armed forces. 

AFPBOFRIATIONB 

For salaries and exjieiises, for the upkeep and operation of the 
National Gallery of Art, the protection and care of the works of art 
acquired by the Bfoard, and aU administrative ^penses incid^t 
thereto, as authorized by the Act of March 24,1937 ( 50 Stat. 51), as 
amended by the public resolution of April 13, 1939 (Pub. Ees. No. 
9, 76th Cong.), the Congress appropriated for the fiscal year ending 
June 30,1943, the sum of $563,825.00. This amount includes regular 
appropriations of $541,365.00 and a supplemental deficiency appro¬ 
priation for the payment of “overtime compensation” authorized by 
the Acts of Congress in the amount of $22,460.00. From thia appro¬ 
priation the following expenditures and encumbrances were made: 

Expen urruBEs and Encumbrances 


Personal services-._______$449, 825.00 

Printing and binding--- 3»50a88 

Stipplies and equipment, etc.____ lOg, 758 .15 

Unencumbered balance__ -^ 4 . ^ 


Total-$563, 825,00 


In addition to the above-mentioned appropriations aggregating 
$563,825.00, the Gallery received $32,264.58 from the Federal Works 
Agency, Public Buildings Administration, to cover expenses incurred 
in connection with the special protection of masterpieces of painting 
and sculpture which have been evacuated from the Gallery. 
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ATmi'D^GC 

The total attendaDCfl from July 1, 1S42, to Juno SO^ 1943, 'ifas 
ly508,0Sl| a daily aTorajee of 4,133 fisitoTs, over 3$ percent of this 
number being men and women in the uniformed niilitary services. 
In spite of war conditions the number of visitors at the Kational 
Gallery nf A rt tins been increasing. The Tiret 3 montlia of the calendar 
year 1913 the attendance was 879,460, os compared with 577,360 during 
the first 6 months of 194S, while the attendance during June—the 
last month of the fiscal year—was 194,203 in 1943, compared with 
01,810 in 1942. 

Among the activities contributing to the consistent growth of popn- 
Isrity of the Gallery ft to the Sunday night openings, the special exhi¬ 
bitions of oontemporary art, the variel.y and excell«ice of the Stinday 
evening musical concerts, the Sunday night suppers for servioemen, 
and the Servicemen^s Boom, which has fumiehed a place of rebixation 
for inftny men in tile niilitary services who, especially on week ends, 
visit the Gallery. 

rmuoAiroHs 

In the information rooms m tho Gallery building, the Gallery con¬ 
tinues to pursue and expand its policy of making catalogs, color repro- 
ducLiona, and eimilar publicstions available to tho public at moderate 
cost. There is also available, without charge, a general mformation 
booklet containing a short account of the history of painting and 
sculpture from the thirteenth to the ninoteonth centuries, os illustrated 
by the Gallery’s collections, and clearly marked floor pluns to guide 
visil ors in their st udy of the various exhibits. The booklet is of great 
assistance to visitors and may bo obtained at the information rooms 
on request. 

am-naiD PBorraentw 

Hw Gallery staff, which is organized to form five air-raid aervic^ 
namely, fire, police (including morale), health (tirsL aid), mainte¬ 
nance, and evaciintion, lias Is'en kept in constant training through the 
medium of weekly building air-raid drills. Drills held in coordination 
with the District of Columbia authorities, when visitors wore in the 
building, gave evidenoa of the measure of efliciency which has been 
readied by tho protective organization in the Gallery. 

ACQUientoira 

GEffTB ur 

On December 29, 1942, the Board of Trustees accepted from Mr. 
and Mrs. J. Watson Webb two sots of etchinga by James Abbott 
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McNeill Whistler, end on Febrnarr 8, the Board accepted from 
Mrs. J. Watson Webb an eiigruving of SL Jerome by Albreelit Dorcri 
on March IB, lFi3, the Board accepted from LeaHJiig J. Roscnwold, a 
gift of his collection of prints find drawings, consisting of some 6,BOO 
itemH; on April 12,1043, the Board accepted from M™. George Nichols 
a gift of four prints; and on June 7, 1043. the Board accepted from 
Diivid K{>p|}e1 a gift of a set of Vodute by Piranesi. 

oifT* or r^iSTTrsog am) BCPTJ*Tnia 

On August 1,1842, the Board of Trustees neccpted from Tlte A. W. 
Mellon Educulional utii! Charitable Trust n gift of 02 painLitigs, 2 en¬ 
gravings, and a bronze bust of the late Andrew W. Mellon, by Jo 
Uavidson; on September 3,1042, the Board accepted from the Honor¬ 
able Frederic A. Delano a gift of a poitroit of “Cii|)iaiti Warren 
DsIhuo” by Charles Loring Elliott; on December 1, the Board 
acccpied fioni Mrs. Jeaae Isidor Stmus a gift of a terni-ootta group, 
Surprise,” signed by Clodion; also nn December 1, 1912, the 
Board accepted from Clarence Van Dyke Tiers two paintings, "Henry 
Pnitt” by Thomas Sully, and the “Duke of Portland” by Matthew 
Pratt. On December 1, 1042, the Board accepted fmm Mrs. Rni};ert 
Noyes a bequest of a portrait by Gilbert Stmirt of "liVilljaiii Itickart.” 
On February' A 1043, and on June 7, 1943, the Board of Trustees 
accepted from Chester Dale gifts of 23 paintings. On June 7, 1948, 
the Board accepted from Miss Ethlyn McKinney o gift of a painting 
by Chltde Haaaain, entitled “Allies Day, May 19IP*; also on June 7, 
1043, the Board accepted from J. H. Wiittemore Com|mny a gift 
of two paiiiLings, “Tlie White Girl” and “L'Andalouse,” both by 
Wliistler. 

On Juno 7, 1948, the Board of Trustees accepted from the Works 
Progress Administration a donation of the Index of American Design 
consisting of 22,000 or more documanted drawings and waUtr culurs 
made under the auspices of the United States Government as a pic¬ 
torial record of American source material in design and craftsmanship 
from early Colonial days to the close of the nineteenth century. 

Another notable gift was that of Joseph E. Widener, given to the 
Gallery in memory of his father, l.lie late Peter A, B. Widener, 'Diis 
gift, waa made on September 0, 1942. and consistcd of a coUeetion of 
paintings, sculpture, tapestries, jewels, furniture, reramics.and other 
objects of art. In this collection the National Gallery of Art has 
received one of the greatest donations ever made to any museum. The 
Widener collection was begun many yeare ago by Peter A, B. Widener, 
who died in 1915. After his father's death, Joseph Widener continued 
to build up the cuUectiou, and in his choice revealed a faultless dis- 
crimi nation. 
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On Marck ;E6,1043, the NationDl Gallery of Art annotmoed the gift 
of.the famous collection of prints of Lessing J. RoRao'wald. The col* 
Icctiou consists of over items^ including representative exojiiples 
of print-making from the fifteenth century to the present, a number 
of drawings, original wood blocks and copper plates, letters and valu- 
able reference books relating to the history of engraving. The collec¬ 
tion was carefully built up by Mr. Boscnwald during the last 20 years. 
Because of his extraordinary knowledge and cUscriniination, he has 
l>rought together one of the greatest collections of the gmphio arts 
ever as^ibled by a private individLial, 

LOAK Of WORICS Of AST BETTTBNUU 

]During the year the following works of art which had been placed 
on loon at the Gallery were ret urned: 

To Dr. A. C. AlilJer the seven paintitige loaned by him to the Gallery 
ond listed in this report under the heading *'Loans of Wi>rks of Art to 
the Gallery,” 

UOON or WORK ^ OP APT UP THE dALLEKT 

During tho year 13 architectural drawings of the National Gallery 
building by the late John Kusscil Pope were placed on loan with the 
Natiuiial Academy of Design, New York,N. Y. 

VTWiwr nnxR 

The following exhibitions were held at the National Gallery of 
Art during the lust year; 

An exhibition of bronze buste of South American Presidenta was 
shown in tlie West Garden Court of the Gallery from June SIT 
through July 18,184^, Tho countries represented were Chile, Ecua¬ 
dor, Uruguay, Veneauela, Paruguay, Argentina, Bultvio, Peru, Colom¬ 
bia, and Brazil. 

Sponsored by Life magazine, an exhibition of lift paintings of 
military life and activitiee done iti oils, water colors, and charcoal 
by artists serving in the United States armed forces was shown in the 
Gallery from July 3 through August S, 1949. 

A group of seventeeiitii- and eighteenth-ccntuiy prints from the 
QalleryV own coUcctlon was exhibited from August 7 Ihrough Sep¬ 
tember 29, 1842, 

An cxhibitiuit of Chilean Contemporety Art consisting of 100 oil 
peititiiiga, water colors, drawings, and printa aelected frum the great 
Chilean Exhibition easembled by the University of Chile during the 
observance of the 4()0th anniversaiy of Santiago, Chilex's capital, was 
show'n in the Gallery from October ID through November 8, 1819. 
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An exhibition of 350 war posters sponsored by Artists for Victory, 
Inc., was shown in the Gallery from January 9 through February 
19,1943. 

An exhibition of drawings and water colora on loan from French 
museums and others was held in the Gallery from February 28 
through March 28, 1943. An exhibition of Whistler etchings, the 
gift of Mrs. J. Watson Webb, was shown in the Gallery from February 
28 through March 28, 1943. 

The Thomas Jefferson Bicentennial Exhibition, commemorating 
the two-hundredth anniversary of his birth, was held at the National 
Gallery of Art from April 13 through May 16,1943. Displayed were 
numerous portraits of Thomas Jefferson, as he appeared to his con¬ 
temporaries during his long and varied career. A unique set of por¬ 
traits of the first five Presidents, painted by Gilbert Stuart, foimed 
an important group. There were also portraits of Jefferson’s friends 
and contemporaries, including Houdon, the celebrated French sculp¬ 
tor, and Gfibert Stuart. Included in the exhibition were architectural 
drawings of buildings Jefferson designed, among them Montieello, 
the Virginia Capitol at Richmond, and the University of Virginia. 

An exhibition of American paintings, gifts from The A. W. Mellon 
Educational and Charitable Trust, Chester Dale, and Clarence Van 
Dyke Tiers, was held in the Gallery from May 25 through Jtme 13,1943. 

Life magazine also sponsored an exhibition of 125 paintings made 
by leading American artists in cooperation with the War Department, 
in United States battle zones, which was shown in the Gallery from 
June 20 through July 20,1943, An exhibition of prints, water colors, 
and books by WiUiam Blake, from the Lessing J. Rosenwald collec¬ 
tion, was opened to the public on Easter Sunday, April 25,1943, and 
has been on exhibition in the Gallery since that date. 

saue ok exchaxgb or works or abt 

During the year no works of art belonging to the Gallery were sold 
or exchanged. 

MANS or WORKS OF ABT TO THE OAIJJEBT 

During the year the following works of art were received on loan: 

From the Belgian Government: 

Ttth Artist 

la Cnlslnlere_Aertsen, Pieter 

La Calvalre_Blea, Hcrrl met de 

Natnre Morte_Bmeghel, Jan. the elder 

La Parabole dn Seiuenr_Brueghel, Pieter, the elder 

La VIerge ft la Sonpe an lalt---David, Gerard 
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Title ^ Artm 

Sainte Famllle,_—..— _—_ Go€S, H* van der 

Saint Ives Patron des Avoc^ts__— Jordaens, Jacob 

La Martyre de Saint Sebastien__Memling, Hans 

Portrait d’Homme_______Mostaert, Jan 

Portrait de Georges de Zelle, Mededn_Orley, B. van 

La Sagesse Yictoriense de la Guerre et de la 
Discorde, sons le Gonvernement de Jacques I 

d’Angleterre_____Bnbens, Peter Paal 

La Vierge an Myosotis-^___Hubens» Peter Paul 

Le Gnirlande dea Fleurs-Severs, Daniel 

AiK)Uon et lea Muses----——— Vos, Martin de 


From Chester Dale, New York, N. T.: 

Art reference library, large mg, and desk 

From National Collection of Fine Arts, Washingtcm, D, C,: 
on painting, High Cliff, Coast of Maine, by Winslow Homer 

From Dr. A, C. Miller, Washington, D. C. 

Title Artist 

Madonna and Child____Lucas Cranach, the elder 

Portrait of a Man__Sir Anthony Van Dyck 

Portrait of a __——_, Ambrosins Benson 

Portrait of a Woman____ Ambrosins Benson 

Portrait of a Man^^________Barthel Bruyn, the elder 

Portrait of a Man on ParcbmenL-^._Peter Gertner 

Portrait of a Woman oo Parchment_Peter Gertaer 

From John S, Broome, Washington, D. C.: 

Oil painting. Lost on the Grand Banks, by Winslow Homer 

YAHIOUS GALLERY AUTIVIITES 

The Sunday evening concerts, which were instituted on June 7, 
1942, primarily for the benefit of service men and women and war 
workers in the city, have been so successful that they have been con¬ 
tinued. The exhibition galleries have been open from 2:00 to 10:00 
p. m. each Sunday evening throughout the year. Concerts of orchestral 
music and string quartets have been provided with funds donated 
by Chester Dale, and by The A. W. Mellon Educational and Chari¬ 
table Trust, and later from the Gallery’s trust fund received from 
The A. W. Mellon Educational and Charitable Trust. In addition, 
concerts have been donated by such well-known artists as Albert 
Spalding, violinist, Frances Nash, pianist, and by artists in the 
armed forces attached to the Navy School of Music, the Army Music 
School, the Army Air Forces Band. The Ballet Kusse de Monte 
Carlo contributed a performance in the East Garden Court on May 
2,1943, especially for the wounded servicemen from the local hospitals. 
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curatob^l department 

The curatorial work for the year consisted of the installation of 
over 600 works of art from the Widener collection, and of 173 other 
gifts, and of 18 temporary exhibitions; in giving various lectures 
on the collections and related fields in conjunction with the program 
of the educational department; and in further cataloging the works 
of art. A check list of the works of art in the Widener collection, 
with an introduction, was compiled and printed, and a new general 
information pamphlet was devised and printed for free distribution 
to visitors at the Gallery. 

During the past year the staflFs of the curatorial and the educational 
departments have collaborated in issuing a catalog, a portfolio of 
colored reproductions, and nine pamphlets dealing with the Gallery 
and its collections. Six members of the staff have contributed twelve 
articles to several periodicals and pamplilet series. Two books and 
several articles are currently in preparation. 

In the course of the year, approximately 9,420 works of art were 
submitted to the acquisitions committee (including 1,945 prints from 
the Widener collection and approximately 6,500 from the Rosenwald 
collection) with recommendations regarding their acceptability for 
the collections of the National Gallery of Art; 21 private collections 
were visited in connection with offers to the Gallery of gifts or loans; 
126 consultations were held concerning over 250 works of art brought 
to the Gallery for expert opinion; 11 visits were made outside the 
GaUfiry to give expert opinion; and 32 letters were written in HJiswer 
to inquiries involving research in the history of art^ 

RESTOR.\TlON AND EEPATR OF WOEK8 OF ART 

During the year, as authorized by the Board and with the approval 
of the Director and Chief Curator, Stephen Pichetto, Consultant 
Restorer to the Gallery, together with his staff, has undertaken such 
restoration and repair of paintings and sculpture in the collection 
as has been found to be necessary. All this work was carried on 
in the restorer’s rooms in the Gallery except in one case, when an 
imusually delicate and complicated restoration was required; this 
painting is being restored in Mr. Pichetto’s studios in New York. 

WORKS OF AET STORED IN A PLACE OF SAFEKEEPENQ 

Early in January 1942, a limited number of fragile and irreplace¬ 
able works of art in the Gallery collections were removed to a place 
of greater safety. These works, stored in a place adapted for the 
purpose, have since been under constant guard by members of the 
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Gallery^s guard force and under supervision and inspection by a 
member of tbe curatorial staff of the Gallery. 

EDUCATIOHAL PROGRAM 

The attendance (97,000) for the educational program vras double 
that of the previous year (47,000). 

The Gallery tours of the collection, conducted twice daily, Mon¬ 
day through Friday, and once on Saturday, have been supplemented 
by tours for service men and women on Saturdays* In addition 
to these tours, slide lectures on the collection, given by members of 
the curatorial and educational departments, were continued, and 
more than 22,000 persons attended the consistently popular feature, 
the “Picture of the Week,” a 10-minute discussion of single paintings. 

New features introduced by the department during the past year 
included film lectures, music lectures, and noon-hour concerts of re¬ 
corded music, all of which have been well attended. 

Changes in personnel due to wartime conditions placed unusual 
responsibilities and added work on the members of the department 
and because of this increased pressure it was not possible for the edu¬ 
cational staff to assume extra assignments. The following projects, 
however, were completed: cataloging the collection of approximately 
3,500 slides; preparation of manuscripts for lectures on the Gallery 
for the Federation of Women’s Clubs; slide lecture on the Gallery, 
for circulation by the American Federation of Arts; various articles 
for publication in art magazines; and the pl annin g and supervision 
of the motion picture on the National Gallery of Art, This motion 
picture was eoini>leted in June 1943, by the Gallery staff in coopera¬ 
tion with the Office of Strategic Services. Accompanied by a special 
musical score and commentary, the film includes views of the ex¬ 
terior and interior of the building, air-conditioning and lighting 
equipment, and a color sequence showing many of the outstanding 
works of art on exhibition. It is expected that the film will be 
widely circulated among educational institutions and the general 
public in this country and abroad, 

UtBSART 

A total of 746 books and 106 pamphlets and periodicals were pre¬ 
sented to the Gallery; 33 books and 110 pamphlets and periodicals 
were purchased by the Gallery; 472 photographs and drawings were 
presented as gifts; 27 books and 316 pamphlets and periodicals were 
acquired through exchange; 1 film was presented as a gift, and 22 
subscriptions to periodicals were made. 
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FH<nXMlBAFai<; detabthzjtt 

PrlJiU totaling 11,401, 469 black-and-white slidtvi, and 2,034 color 
slides hnTC been made by tbe photographic laboratory. The printa 
have been placed on file in the library, where they are for sale and 
for the use of the Gallery staff. Tlie slides have been made ftrail- 
able for the staff in connection with the publie lectures given in the 
GalJory and have likewise lieen lent to lecturers ouiiiida the Gallery 
and to other galleries. 

1>rHER 

During thfe year there were gfifta to tbe GoUorj' of pbuts for the 
garden courU; also oertain cj^jencess were paid by others on behalf 
of the Galleiyt the donors lieing Mrs. William Corcoran Eustis, 
David E. Finley, Dumbarton Oaks Bcscarch Libniry and Colliietion 
of Harvard Dniveraity, Life magaalne, TLb A. W. Mellon Eldii- 
cational and Charitable Trust, and the Toledo Museum of Art. 
Gifts of money were made to the Gallery during the year by Mrs, 
Florence Becker, Maj, Curtis Bryan, Chester Dale, Mrs. William 
CotiLoran Eustis, David E. Finley, Mrs. David hi. Finley, Sr.. S. E. 
Guggenheim, Samuel H. Kress and Samuel H. Kress Foundation, 
Lt. Paul Mellon, Mrs. Stephen S. I^chetto, Donald D. Shepnrd, 
Mrs. Gertrude Clarke Whit tall, Joseph E. Widancr, Avalon Founda¬ 
tion, and The A, W. Mellon Educational end Charitable Trurt. 

Armrr or ntivATn ruinia or the 

All audit has been made of the private funds of the Gallery for 
the year ended June 30, 1W3, by Price, Waterhouse & Cm, a nation¬ 
al ij known firm of public accountants, and the cortificata of that 
company on its examination of the accounting records maintained for 
such funds has been submitted to the Gallery, 

Respectfully submitted. 

F. L. Bm.iN, Acting Prefidi^L 

Dr. C- G. Aroor, 

Seentaryf Sviith^onim In^tiivtion, 
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REPORT OX THE NATIONAL COLLECTION OF FINE ARTS 

Sib : I have the honor to submit the following report on the activi¬ 
ties of the National Collection of Fine Arts for the fiscal year ended 
June 30,1943: 

APPHOPEIATION8 

For the administration of the National Collection of Fine Arts by 
the Smithsonian Institution, including compensation of necessary 
employees, purchase of books of reference and periodicals, traveling 
expenses, uniforms for guards, and necessary incidental expenses, $31,- 
993 was appropriated, of which $20,487.44 was expended for the care 
and maintenance of the Freer Gallery of Art, a unit of the National 
Collection of Fine Arts. The balance was spent for the care and up¬ 
keep of the National Collection of Fine Arts, nearly all of this sum 
being required for the payment of salaries, traveling expenses, pur¬ 
chase of books and periodicals, and necessary disbursements for the 
care of the collection. 

THE SMITHSONIAN ART COMMISSION 

Owing to crowded transportation and hotel facilities, it was decided 
to omit the December 1942 annual meeting of the Smithsonian Art 
Commission. Several proffered gifts of art works have been deposited 
witli the National Collection of Fine Arts to be passed upon at the 
next meeting of the Commission. 

The Commission lost two of its members by death during the year. 
John E. Lodge, a member of the Commission since its inception and 
chairman of the subcommittee on Oriental art, died December 29, 
1942, and Charles L. Borie, a member of the Commission since 1926 
and chairman since 1935, died May 11,1943. 

the CATHERINE WALDEN MTEB FUND 

Fourteen miniatures, water color on ivory, were acquired fTOm the 
fund established through the bequest of the late Catherine Walden 
Myer, as follows: 

28. ‘Tortralt of a Man," by Raphael Peale (1774-1825) l from Miss Dora 
Lamb, Chattanooga, Tenn. 
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20. ^Fm-tTEit of Mr. bj Jiffles Peal^ (lT4CulS3ijj EdmDDd 

Burr. FbllxiA^pbta^ Pa. 

30 Fartmit a by Walief Eobensoa tlnsTare lT65-lE0fli); fmin 

Card A Otlrtrii*, Inc,, D. G. 

ai. ^mlly App^elPti/^ SurEli Uoodrld^e (ITSS^lBfER) ; from Mibs B^le 
Jh Qowilrcl, Bualirn^ Ala^. 

S2. "l^rtrEEL nf a Ludy," bj an nnknonm artljt; from Mist Bcstte J. Bu^ward, 
Baston, Mds. 

33. *^B&ii1ab Applaton," by Sarob <|oodrrdfQ fl76S-lS5;3>; from GLmbe: EmsL. 
Nw York Cfry. 

94. “Dr. Wlllirtm by AleiEndar Kcibertson (1772-1S4I) ; tiom 

Olmbol Brofl., Now Yoik Citj. 

B5> TrumbQlK lirnyp'’ bj Ttaomsa S. Cninmlngi Ua0l-lS04> j frmn Olmbd 

Bro3.p New York City, 

B«. '^Edwnrcl AivplFfrtnt” by Samb 0ix>drldge (iTSS^iSea); from MJka B^ssEe 

J, Howard, Barron, Mftw. 

3T. *^Mailliaa Barrltagtoo/^ by Elkanol] XIhIiiIh (abont im-ofttr 1334); from 
Mjsa Bcwlo J, Howard. Boston., Mnis. 

HR **PDrtralt of a Toting Lady,^ by Eobert FoTtOd (1705-1SX&J j from MLm 
Bwla J. Howard. Boitont 

39. Pornratt;^ by SEmh QoodrJdge (1788-1603); from MSga b™Io J. 
Howard. Boaron, Maas. 

40. ^Mr, Har^rroo^e*.*^ by Tbomua HargrpaTea (177.5-1310) *, from Stepbeu 

K. Nagy. Pbllndelpbla^ Pa. 

41. ‘Tortralt of &[. B.,"" by Philip A. Faflcolos (17001613); from MriL Dora 
Tm Onrila, Arilngtoi^ Va. 

IjOANH ACCEFTKt} 

An nil pkinting, "Afnid of the Mist^” by Thomas Cola (180Mg4B), 
was lent by Mrs. L. T. Qagcr. 

A marble bust of Hon. Charles ETtms Hughes, by Bryant Baker, 
was lent by Air. Hughes. 

The following were lent anonymonsty: 435 Chinese Jade nmamanls; 
122 Chinese jade, stona, glais, and porcelain snuff bottles; 44 Chinese 
miiTOTa; 1 Imperial plate, Kuang Hsu (1ST5-1&121, dragon design 
in cobalt blue, witJi stand; 1 Flamb^ or transmutHtion copper ginze 
bowl, Tung Ch6ng or ChHen Lung, eighteenth century, with stand; 
1 Imperisl bowhlCang Hsi (JW2-1723), phuenii and dragon design, 
blue, white, and peachblow, and 1 Imperial tea bowl, K’aiig Hsi (1(S€2- 
li 22), Imperial yellow with dragons in green and aubergine. 

LOANS TO (TTiiSK MXTSEUWS AITO OSOAKISATIONS 

An oil portrait, "Alice Barney with Jabot,*’ by Alice Barney, was 
lent to the Society of Washington Artiste to be shown in connection 
with their emhibitioii held at the Corcoran Gallery of Art from Jonu.. 
ary 23 to February 14,1043. (Heturned February 20,1943.) 

A miniature, *Tortrait of a Colonial Gentleman," signed “Copley 
1773,** No, SO in the Catherine ^^alden Alyer Fund Cullection, waa 
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iMt hi the Worcester Art Muwum to 1>e included in n loan eshibitlon 

New Eiigiend Painting, 1700-1 Ho’’ held et the Woroester Art Mu- 
seuin in collaboration with the American Antiquarian Socictv, Febru^ 
ary 17 to March 31, IMS. (Returned Affiy 8,1813.) 

A broDxe bust of Jennno d’Anu, by Berthe Girardet, with a pedestal, 
was lent to the I lech t Co., where it was shown March 13 to 31, 1943, 
in connection with a drive for the recruiting of WAC’s. 

An oil painting, “High Cliff, Coast nf Maine,” by ifinslow Homer, 
was lent to the National Gallery of Art on Miiy 15, IMS, Rubiect to 
recall by the Smithsonian Institution nt any time. 

WJrmilUWALa HT 

Two oil paintings, “Henry, First Earl of MulgraTe,” by Sir Thomas 
Lawrence, and “Undsenpe ^Hth Cottage,” by Hobbema, were with* 
drawn from the Perkins Collection by their owners, Mrs. Ferolina 
naJiacIi and Mrs. Mabel Buggies, respectively, on July 14, 1D42, 

An oil painting, “Portrait of Theophilus Parsons, First Chief Jus¬ 
tice of Massachusetts,” by Gilbert Stiiurt, was withdrawn by the owner, 
Tbeophiltis Parsons, on October 1,1M2. 

A pair of Meissen ewers was withdrawn by the owners, Mr. and 
Mrs. J. D. Puttftn, on Norember 10,1942. 

A miniature, “Portrait of a Bny,” by Joseph Wood, was withdrawn 
by the owner, Miss Sarah Lee, on March 23,19-13, 

THE HEXnr WaBD RANaER FUSI) POItCHAaXS 

The paintings purchased by the Council of tlie National Academy 
of Design fr<Hn the fund provided by the Henry Word Ranger bequest, 
which, under certain conditiona, are prospcNHive additions to tha 
National Collection of Fine Arts, and the names of the institutions 
to which they have been assigtied, are os follows: 



Aitiil 

DaEttoff 

JrurrtlMO 

Amloanaat 

[IC, WfKlrilLghitiTGg¥t... 

Tfepin la 

lITr Old.CbtDfAii ‘Oiileta; _ 

111* AimttffiiBPBt 

kn6fWW N. k. 

MUtna W. Holm 

tmU I. Katm, Jr. (iBd 

Cilbal O'Ttid*, A.N. A. 1 

Aprtl HMH. 


April IHI. 

Gmnrltla l^bUd Ubrvjt 
On»nr^Flr, S. L\ 

Tba MnRi^ramT Mujitobi of 
Fi^ Arti, U«i[tt?Eiiaf7, 

tfia EraorTIlM iMliJk Librifr. 

nri:nTTl||«< N,y, 

El. OrffofT Calm, 

OklL 

ill, 

(lira — 1 . 

Ally! Blcrnrr, N. A. iim 

Mar . 


the natiokai. ooLarenoK op fise .mis hepeiience LinitAar 

A total of 1,108 publications (527 volumes and STO pamphlets) were 
accessioned during the year, This number includes 258 volumea and 
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66 pBrnplilel^ liiidetl by purchase, and 77 volumes of bound periodkals. 
The Parke-Bcruet priced catalogs accounted for 53 volumos and iO 
pamphlets among tlie purchases. 

Miss Anna M. Link tvds appointed librarijiu October Id. 1942. 

orrHKfi Acrmraa 

ITiB following paitiling]^ have been cleaned or restored sinee July 
L1042: 

'“Thfi Sto™ Ki^pi nn the Hudaon/' by Samuel Calnuinp tvoh reJlned. 

"Slrtuntaln Soenc,^ hj P. P. ditircht was cleaned- 

'TiffiuaUSn Swae," ty 1. DEday, was cleaned. 

‘TainMnif Representing FbIIs. sup^pAsed to be Genesee Falls, H. T/' by WiUlrun 
WlnstAnleyi was rellncd unil minted. From the geologic formation seen In 
ibe palotlDg, U w-ns d^'l^rnilned tlmt tUe falls could aoi lie Gcocace FaUs of 
JfJew YorJt^ but cnuld lie purl o£ llie Qrunt FuIIb of tfae Pytomuix Tills 
belouged to Georgs WuidiEnataii itnd la now tne property <i£ the tlEvbfioii of bbitory 
of Lba National Muj^eiim. 

“Moonligllt Scene from « flrntto nn n Rwkj Coast." lij no unknown artist, 
was dcatiEHl This palufing belonged to George WsHblngton and Is now tho 
properly of tlie dlvlsfon of bFstoir of the National Muaeirtru 

'Tortrait of Judge DtnopH" by Ttinmna Sollyp wn« rellticcL Property of the 
Supreme ConrL 

‘Tortrnlt of Col. Tlinolby PlekcrliiE^' was variil^ctl aud the friunc^ restowL 
Property of Gia War Din^iirlim^tit, 

Advice nnd superrbion vrns given the United States Capitol re¬ 
garding t.hw Inrga Halfiall iiHViiI piuiiLiiig, **1116 Monitor und Merri- 
msc,'* painted in 1SS4. 

Kigliti axhtbittoii caHen containing ancient ‘ncckiacai^, mre Persian 
paintingst ceramics, jcircliy, cameo glass, and miniatures ^ere moved 
from the first floor to iho gronnii floor. 

Eight of tlie antique wooden and terra-cotta statnas in Ihs Oellatly 
Collection are now sliown on shelves against a monk's clotU bacb- 
gnmnd. The rearrangement made jiossible the removal of two Inrge 
pedestals, greatly improving the general appearance of the large 
gallery. 

Another i-earruDgement made possible by tlie addition of two cxliibi- 
tion camsB has brought together nearly all the rare Chinese glass, 
jade, and pottery. 

K. T, Wu nnd C. M. Wang, of the Library of Congress, translatefl 
the inscription on the Korthern Wei Ktele (SAT, Oeilatly Collection), 
and made n number of rubbings of this Qiinesc stattie. 

The huge vase sliowfng a copy nf Guido Kcni'g ^Aurura’^ and a 
self ijortrait of Guido Heni (220, Pell Collection) was appropriately 
placed in the center of the Natiunal Mutieiim rotunda, 

The largest task of the year was the making of a jJiaet cnlnlog with 
cross nferenoes of the paintings and scidptune of the collection! The 
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works of art were carefully described and idendSeil lioth os to artist 
ajiil subject, but there still remain some dates and mcasorements to 
be checked. 

SFEOAL EXBlBITIOSrB 

The following exhibitions were held: 

Jtdy 1 thr&ugh ff7, 19ji £. — ^Exhibition of 20 oil pamtings, 17 water 
colors, 3 pastels, by Senorita Carmen Madrigal N^ieto, of Costa Rica, 
and 1 map cf Costa Kica and 1 racation. adreitiscmctit, waa spon¬ 
sored by the Minister of Costa Kicji, Sehor Dr, Dmn Luis Femdndes, 
and the Pan American Union. 

September through SO, Exhibit jon of 80 oil paintings by 

Sefinrita Pachita Crespi, of Costa iilea, was sponsored by the Minieter 
of Costa Rica, Senor Dr, Don Luis Ferndnduz, anti ilie Pan American 
Union, 

Aoiw*nitfr S thTei\tgh B&, 19 ^, — Exhibition nf 61 oil paintings by 
Frank C, Eirk, of New York Gi^. 

December IB, 10^, tht&ugh. Janitirry 17, — ^Exhibition of 65 

miniatures by 48 metnhera of the PcansylTania Society of Miniature 
Painters. 

Jamury 8 through Si, Exhibition of 50 oil paintings and 10 

designs on I^noz Toses and platters by Simon Lixsiiti, of New York 
City, 

February 5 through SS, J04S .- — ^Exhibilitm of 70 water colors by 
LconoRi Quarterman, of Savannah, Ga. 

June 4 through 67,1S43 ,—Exhibition of 46 oil paintings by Walter 
King Stone, of Ithaca, N, T. 

Ten special graphic aria exhibits were held in the gallery as follows: 

July IS throttgh August SO, Exhibition of IS "Printa by 04 

Masters,'’ selected from the coUcctiOR of the division of graphic arte, 

Septomier J^4S.-^Exhibitton of 85 prints of Hart, selected 

from the collection of the division of graphic arts. 

October tS4S. — Exhibition of 37 pencil drawings by Mrs, Beatrice 
Field, of Winchester, Moss. 

hrovewiber 194S * — Exhibitiem of 35 wood cuts and linoleum cuts by 
Norman Kent, of Geneva, N. Y, 

Deoemher 1 $^. — Exhibition of 35 etchings by Balpfa Fabri, of 
New York, N, Y. 

January 29^^ — Exhibition of 30 color prints by Ute American Color 
Print Society, 

Fehruary Exhibition of 18 lithographs by Peter Hurd, of 

San Patricio, N, Mex, 

J/ctrcA 75^, — Exliibitlon of 37 etchings and 7 pen drawings by 
Mrs. Helen illller, New York, N, T. 
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April id4S , — ^EAhibitlon of 85 «tcUin^ by James McBey, of tfew 
Tork.N. Y. 

May 194J !. — Eshibitioii of 12 drypomts and 20 wax-pencil drawings 
by George T. Tobin, of New Eochelle, N, Y, 

tUBUCATIONS 

Tduuir, R. P, Report on the NaTtonal CollMdm) cf Fine Aria for the year 
June ]{HZ Append Kx 3, Heport ot the fi^retat^ af lUc &ii]tUi4eDlaii 
TitAiltuttnn for The joni- enac4 June 30,1942, pp, 

Looos. J. EL Report m Ibe Fmr (itillerj? vl Art tut the j^tnr ended Jane 3a 1042. 
Appendix 4 h Report ul the Seej^^tnry of Uk Hmltli^uLuD luatEtutlou for Lbe 
^euj cuded June 30 , 1042 , ppL 51 - 03 . 

Rcap«ctfully i^bmitted. 

R. P. Tdi^matTi A cting Direcfor, 

Dk* C* G. Abbot, 

Ssuretary^ STrtithsmian Imtitutityru 


APPENDIX 4 

REPORT ON THE FREER GAIXERT OF ART 


Sir: I have the honor to submit the twctity-thinJ animal report oa 
the Freer OalJery of An for the year ended June 30,1943. 

Tnz coLucnoNe 

Additions to tho oollectlatia by purchase are os foUowF; 

4^14 Ctit£ie;»o, 14 Hi to iSNli fcnttrrj H, C, STinnfr drnfii^rr* OremonJnl coiftred 
Tesael of (he m In ilio fom ot (wo borooU ow|^ Qlan^lnf back to 
back. P{it!i]Ai:koii; Oi^Utiae. erfl.'-'-etisiJi wlSb cuuch U-uprUe) In tbn 
fiirro^fiof thedvsl^ii; buri; mt^tul with liicrusliitlunji of nnilAnblto, 

CQprLtti a ad ^Eurltn. ^.238x0.213 arnr aLL lIUuRtTEitodL} 

OOLD 

43.1 PeraEnn^ lOtli renting (A. D. Bfl^Sd beHod- JJmiill sTrar nf 

fpllow ipold. Decoration dilseloil la bt&h relief on n dencat#]/ gnjm- 
laced i^routid, and cn^niTtid. Two Inscriptions la uxcellcnt Kufle acHptt 
Ihe nppLT n^udliif: ''BEcrBsIn^ and linppiiinss uiitl (tower to AbO Man^dt 
ai-AmIr Dn^rlyar fha Ma'Es nd-DswIn. Mnj God nrclnni bla dayt^ 
Tho lower Inscrlr^tlon repoota gnod wtehe*, e. 0,13?? oTtr bU 0,160. 
WetghT* 603 gmips, (llliiscrut^.} 

45.8 PenJaUp 11th to 12th cenCni^. Ueditt, with dftstgiqs ciocatcd In 1 
Ohvetw: a beartled bing, entlironfti? two nttifOdniita. 

Reverse: tbc same kiefti monnted, with a falcon oa bli left hand. 
He Is aeeoc^panled by an eagle and is trampliEi^ u dragon. 
Diameter: 0.0^ 

PAiirnwa 

43.2, Persian fHesnpotnmlnJ^ A. D, 1224. Bagdad ^fhonlF 

By "Ahilaunh lhn al-Fadl, Leaf fmm an Am tile tmasloHan of tbe 
Mlatfria Medlm of Dl(WCoHd«L Eoob IV. Caps. SS^ Two mtnlo tores 
In color: 

A. MiisbrCKims, 

S. Autumn Crocua 

Teit la nasl'Al serlrl 1 rubrlcH- Paper leaf : 0.3SO x 0:226, 

FAcrriNn Aifp cAiUuaAfBT 

421S, A leaf froiii a royal album upon which ara mnanied: 

A, Iiidlan, ITth century, ^iii gh-nl. Ry nicliltr. The Emperor JahAn- 
ylr, #n|brnne<1 upon an linijraToaa rarelTing the Loiueae Of a 
meZfaA tvpo European courtiers and a native prlncs. In coiori 
and gold Bignamre. <1275 x 0.180. 
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n, Tndi>-Fi>r6taD, 18th dfiDtiuy {A. D. ITliT). B; Mn^nnimri ^dlq, 
Flor^il fn nAtnrani^c^ atsflti <in o eaH BTocuifL 

SleiiiLttirO. Or, W, 0.000. 

C. Per^SQii. tarty i7ih ceoiary: u pnge oC nasfa^Uq wrltt-ng by 'iiijAO 
aK-HitbO^iT i^u LLkt rffrtnm uS&lth 

ilLIfiL A: leaf tram a niyal album (ok abovt;) on wblcb htu mnun^eil: 

A. Indian, 17th centorr. MoghaL of E3Mb Jiihiia. An Imiig- 

Innrjr bi^twetn) thn Enipenor J^h^ngTr nnd ShAh ^Abba^i T, 

wbo dTe ditf^ndcd hs wo coortten? with gifta- In colors and 
gold. D.2T5i0.m 

B. £ii^o-Fc:rtj;Ean« iStb century (A I>- 17271. By HiiIiaDimud 

Fiittui bonltrs, dated Qi. W. 0.000, 

CL Peralan, early ITHi century TA. D. lOOB). A pugc of uaffuVfg 
wiirlng by ^ImiltJ iiblluanuT (on the raven» aide) . 

42.17. Two iBATea tTom a rojnl album tsa aborv) nn whlrh are muncited: 

42.1 A. A IndtaUp 17tb cantnry. Mughal^ ^hool of Sb^h Jahiin, l^hAh 
Jab Jin boldlnj; a nlghi nndlanr^ for d larpfo comraby at *nulio^i: 
a dnuble-pugCi cotupc^sEtlon mDunted on two fdclng pages. In 
color and gold 0^ s 0.400 orct alb 

B. Inilo-PcryJaiu ISUi century <A. B. 1727). By MuliamoiBd ^ihf|. 

FlurbJ borders, Signature and diile, Gr, W. 0LD4£k 

C. PembiDp ITlb century. Two plikbh of nu^/eVIo Hcrlpt, unElgned (on 

the rerersfl aEdea). 


4219. rhlueaa, A. T>. 16^-1722. Cb'Eng djmsfltyt K'fln^ Hsl period. Chlng 10 
Cb^n. Flipper vase wEtb ‘‘Ay-bloftd'^ H. o. I 7 d 

1220, CbJaw, B. 1602-1722 Chlug dyuoaty, K'ang Hal period. Chlng-tS 
€)ieu. Flower voae with "'peucli-blcHJin'’ glaEe. Kix-chiiracti<r mark tn 
uudergbue blnei Ivory sEuud. IL o. IDS. 

43J5, Chlnuau, A^ D, 1HS2-17T2- (Thing fly nasty ^ K'ltn^ Hei period- Cflilug^tO 
ChAn. Cflrcnlarp coverfHl boi for BCftl clntiabnr, with a "pca^-hluoiii’* 
glaze. Rlx-character mark In tindergla»& blutx 0,072 x 0.€3d 
43.d €hln(?Rfit A. T>^ 11302-1722. Chlng dyDa&ty.i KHug HhI period. CThlng-tO 
43.7. ChCn. Two Witcr^pota giased In v-cry puli! gri-enlah'hlue Ineld# and out. 
Both havi? a eiX'Ctmracter mark In nndorgUza bliML a, 0.007x0,0071 
b, 0 080 X 0,08a 

PrttTtar 

43-4. Cbtucse, Ith to lOth century. Tung dymiatj. Sepslchral vase with 
«rrpent handleet slightly bevrted foot and rnneave base. Body oC a 
bard, close-gtulned, bnfr-wblle eley^ corered with a tnrnspareut glaxe 
tending to pair green. 0.^29 x0.2^ (tHustUnlcd.) 

42.21. CSilnene, 11th to 12th century, 3nng dyuoaty, Cbtl4u bslen. PIlIoWi 
aqttare In eredon with esnenve eJdiwi veut-huilH in one end. Body 
of hard, buff cloy covered with a fulatly cnckled glaze orcr nn Ivoty- 
white slip, A ChTon Lung (18th centniyj Inaerlptlon of 78 charEclen 
and 2 svelle pnliitid In rcddlah’brown. 0.124 anutll^ x 0.200 over nib 
42.15. PervlBD, 31th century. Ba-calM Aj^hkitnfl. Bowl, shallow, flat rlmroM; 
low ring foot, Body of soft, red earthenware coTflrpd with a thin* 
trawrnnrcmt gtosso of grtcnlali coat orfir a white slip. Bird dCKaim- 
tloh Incised with areas of Lhc design colDrefl jtfwDk yellow, and aubazilna 
nndcrgiuc: 0.1778 x 0.283. (lllastrptMl.) 
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PLATE 1 



43.1 



42.13 

Recent additions to the Collection of the 

FrtEE« GALLERY OF ART 
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PLATCi 



43.4 



4Z.14 

RECENT ADOlTIONfi T* THE COLLECTION OF THE 
F»€e« G4Ll-ERy OF ArT. 
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43,5, Pereirti3> eirly t3fh Cientitr^^ Kli^hgn. Larij^e, jnhallnw tMiwl is^th flAfln^ 
rim aud bold foot ritie (repairs: rertr^mtlomi In th^ rim). fiorflY of 
wftp Qriu^ buQ clity I'Ovcrcd with aq apagnn w!dte glqisfe E>eeoratlon 
pcilntiid In turquol^- gnwu, bluOi darlc quber^lne, imd Ei^h<oli>t orei^ 

fluH. XniiMe! tlie by u liasd liorseiuoD ui^a a wjdlcd town 

dfifinded by bowmen; ouLsliIt?: iix hecv ikco^ Inscription ia black 
n^TjJthZ qrrlph 0.111 xD.47S. 

Thb work of the curatorial staff has been devoted to the study and 
recording of the new acquisitions listed nliove and to other Arabic^ 
ChluBse^ Japanese, and Syrian objects submitted for purchase. In 
addition to this work within the coHei-tion, i,!Ml objects of Orieutal 
prcjvefiaiice nnd photographii of such objects were ejominedj and 
oral or written reports made upon them. Written IrunsJiitians of 105 
inscriptions in Orienittl langua^^ were made upon i^uest> In oddi^ 
lion to this regular curatorial work, that contributing to the war 
services which occupied n major part of the tim e of tho staff is sum* 
Jimris^ed ns follows ; 

WAH wonit 

Aside from answering many inquiries friirn, stul supplying infor- 
matiou to^ verioua Goverjinient agencies, a considerable amount uf 
tiiinalatioiL has been made for the Govemment from both Chinese 
and Japanese sources, amounting to hundreds of pages of typewrit¬ 
ten matter. Work upon m aps of the war a reus has enta i li^d the identic 
fication and tninslHorution of ChmesQ and Japanese names to the 
number of more than 5,(MO* This work is conrimiiiig. 

In May 1W3 three lecture on Chincso culture os rejected in the 
fine arl3 were given at the Freer Gallery by the Director in rBSpemsi! 
to the combined request of the TJniteil Stalr^i Office of Education and 
the acting BupcrhUencIfint of the public schools of the District of 
Columbia, in furtherance of their plan to knowledge of 

Ghiim in the public echuols* Tim audieneea were composed of Wash¬ 
ington teachers (total number Efil). The subjects of the lectnrea were 
as follows I 

May S: A abort dlscasalon of art La gctivral. Cbioa qiiU her i>ecple. 

May Brofioe Ami JaUa. Forpooe aad nw. 

May 23: Cblneec pnintlacf. 

A lecture on Asiatic pa inti ng, illu^ratcd with Freer Gallery ftlidea, 
given by Jfiss Guest on October 2.1M£;^ in the St. Francis Audi* 
torium ol (he A rt Museum, Santa Fe, Mese*, for the benefit of lha 
Indian Service Club. The sum realisEcd ($160) made possible! the 
Chrifltinaa boxes sent by the club to its members in the armed forces 
in this country and ahmad* 
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CHANGES IN E X HIBmON 

Four hundred eighty-eight changes were made in exhibition, as 
follows: 

Arabic (Amlda) painting-- 

Chinese bronze--- 

Chinese gold-------- 

Chinese jade--—--- 

Chinese marble^*—--—- 

Chinese painting------ 

Chinese poreelatn—^—--— 

Chinese pottery—--—- 

Chinese silver-^----- 

Chinese sllver-gllt—-------- 

Chinese scnlpture, bronze-—- 

Chinese sculpture, stone—-—--— 

Egyptian [FostAt] pottery--—- 

Korean bronze------ 

Korean pottery—--——-- 

Persian pottery^--—--—- 

Persian silver--—^-- 

ATTEimANCB 

The Gallery has been open to the public e^ery day from 9 until 
4:30 o’clock with the exception of Slondays, Christmas Day and 
New Year’s Day. 

The total attend*i 0 ce of visitors coming in at the main entrance was 
53,700. Sixty-nine other visitors on Mondays bring the grand total 
to 53,769. The total attendance on weekdays was 30,759; Sundays, 
22,941. Tlie average weekday attendance was 118; the average Sun¬ 
day attendance, 441. The highest monthly attendance was in August, 
with 5,832 visitors; the lowest in December, wdth 2,571 visitors. 

There were 1,026 visitors to the main office during the year; the 
purposes of their visits were as follows: 

For general Information--—------—*-— SJ6 

To see objects in storage—------ 115 

Far Eastern paintings and textiles—--—-----S7 

Hear Eastern paintings and manuscripts— --- 27 

Oriental pottery, Jade, glass, bronze, sculpture, lacquer, and 

bamboo_—-----—---82 

Byz 4 intliie objects------- 9 

Waihittffton Mannacripta _______20 

To read In the library.——--—-----168 

To make tracings and sketches from library books--- 18 

To see building and lastallation --- 14 

To obtain permission to photograph or sketch-- 7 

To submit objects for examination.---- 97 

To see members of the staff------ 163 

To see exhibition galleries on Monday___ li 

To eiainlne or purchase photographs----—____ 273 
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DOCENT SERVICE 

Eight groups were given docent service in the eshibition gnlleries 
(total 415); four groups were given instruction in the study room 
(total 21). 

PERSONNEL 

It is with great sadness that we have to record the death on 
December 29, 1942, of John Ellerton liodge, Director of the Freer 
Gallery from its beginning in the autumn of 1920. Under his wise 
administration the Freer collections and endowment were founded 
as a public institution for the further prosecution of the study and 
the acquisition of Oriental fine arts. Both branches of this work 
were developed simultaneously. The first led to the training of 
language students and to field work in China, as well as to studies 
within the collection; the second, to an immense and very significant 
expansion in every field: the sections devoted to Chinese bronzes, 
jades, painting, and pottery raised to higher levels of quality; the 
sections devoted to Near Eastern and East Indian manuscripts, 
paintings, ceramics, glass and metal work created almost in entirety 
upon small and, for the most part, unimportant nuclei in the original 
collection. 

Elizabeth Hill Maltby, librarian since December 17, 1935, resigned 
her position on August 15, 1942. On the same day Frances Poncelet, 
who had reported for duty July 27, was appointed librarian. 

Archibald G. Wenley, associate in research, was appointed Acting 
Director on January 1, 1943. On January 16 be was appointed 
Director. 

William K. B. Acker, language assistant, was placed on furlough 
December 31, 1942, being detached for service with the Office of 
War Information. 

Daisy Furscott Bishop terminated her long service at the Freer 
Gallery on January 27, 1943, being transferred to the library of the 

Smithsonian Institution, tt - 

John A, Popej formerly Lecturer on Chinese Art at Columbia Uni¬ 
versity, was appointed associate in research on April 1, 1943, 

Grace T, Whitney worked intermittently at the Gallery in the Near 
East section between October 22j 1942, and June 16^ 1943, 

Joseph H, Boswell, principal guard, who had been on duty here 
since September 1923, retired at his own request June 30, 1943, 

Other changes in personnel are as follows: 

Appointments: Joseph P, Germuiller, guard, recaUed from re¬ 
tirement August 1, 1942; Charles W, Frost, guard, August 25, 1942; 
Norman E* Baldwin, guard, November 16, 1942; James W. Bums, 
guard, by temporary transfer from the United States National Mu- 
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seiim, May 11, 1943; George S. Young, cabinetmaker, employed for 
special help in the cabinet shop, February 16,1943. 

Separations from the service: Everett A. Altizer, guard, on in¬ 
definite furlough for naval duty, July 6, 1942; Glen P. Shephard, 
guard, on indefinite furlough for military duty, October 15, 1942; 
Norman E. Baldwin, guard, resided February 26, 1943; Charles 
W. Frost, guard, by transfer to Airport Detachment No. 5, Gravelly 
Point, Va., April 13, 1943; Joseph P. Germuiller, guard, retired 
June 19j 1943, 

Respectfully submitted, 

A, G* WenleTj Director, 

Dn C, G. Abbot, 

Secretaryy Srmthsonian Institution^ 



APPENDIX 5 

REPORT OX THE TSUEEAU OF AAlElilCAX ETHNOLOGY 

Sis: I hav^ tte hoikor to i^ubaijt the followiiig report on the field 
researches^ office work, and other operations ol the Bureau of Araeri- 
can Ethnology during the fiscal year ended June SO^ 1943, conducted 
in accordance with the act qf Congress of June 2T, 1042, which pro¬ 
vides » fyj, continuing; etimologictftl researches among the 

American Indiana and the natlTes of Hawaii and the excavation 
and preservation of archcologic ramoirm. * * 

During the fiscal year, activities concerned with the otlier American 
repuhiic^ have been emphasised, and the energies of various staff 
members of the Burean have been directed to an increasing extent 
to projetds bearing on the war efforL In particnlnr, members of the 
Bureau staff have cooperated with the Ethnogeographic Bf>anl m 
preparing information for the armed ^rvjcesi and it is expected that 
efforts in this direction will increase as the war eontinutf^ 

srarSMaTio HESJuacMVj; 

On January 13, 1943, M. W, Stirling, Chief of the Bureau, left 
Washington on the fifth National Geographic Sociely-Smitlisonian 
institution archeological expedition to southern Mexico. Exc:iTatioiis 
were eondnuod at the site of La Vonta in southern Tabasco and re¬ 
sulted in the discovery of numeroui^ new details of constructioii of 
the reetangiilitr stone-fenopd enclosure, one of the central features of 
the site, Three rich bnriale of IjuporUmt per^uiages were uncovered 
containing offerings princjpeEj of jado of nnusnolly high quality. 
Two mosaic floora in the form uf jaguar masks made of pofiehed 
green CTrpentine were discovered, one at a depth of more than 20 feet. 
During the course of the work an exploration trip wag made up the 
Rio de las PI ay as, one of the headwater streanig of the Tonala River, in 
order to verify the existence of a ruin in this vicinity. The collectiona 
obtained during Ihe course of cscavationB at La Tcnta were shipped 
to the National Museum in Mexico City^ ifr, Stirling was assisted 
throughout the mmmu by Dr, Waldo Rk Wcdel, of the tliTiaion of 
archeology of the United Statens National Museum. 

During djo connre of tho fiscal year Mr. Stirling contributed to die 
War Background Studied^ of tlm SriiithguruHti Institution an article 
entitled “Native Peoples of Now Guinea,” which was publialietl 
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No, 9 of that series* He ako contributed sft’feral arLiclefl to the Ethno-^ 
geogTftpbic Board for dij^trihutioii to the arnicd forces* During the 
year Mr. Stirling's paper entitled ^’^Origin Myth of Aconui and Other 
Becords^^ was issued ns Bulletin l&*^j of the Bureau. 

Dr, John E. SwantoUt ctbnologistj devoted a considerable por¬ 
tion of the year to the reading and correcting of gulley and page proof 
of his work entitled ^Tlie lnd]an5i of the Southeastern United States^’' 
which is being published as Bulletin 137 of the Bureau, This will be a 
Tplume of approaiimately 850 pages exclusiTo of the index. 

Some further work waa done on the materials preserved from the 
now extinct language of the Timucua Indiana of Florida^ but it was 
decided to discontinue this for the present. These malerialti—con¬ 
sisting of a catalog of Tinmeua worda and Engliali-Timucua index 
to the some, photocopies of the relif^oua works in Timucua and 
Spanish printed in Mexico in the seventeenth century^ and typed copies 
of these with some interlinear translation—have been labeled care¬ 
fully and placed in the mnnuscript vaults 

Time was also devoted to the ext me lion nf ethnographical notes 
from tlje volumes of Early Western Travels, edited by Reuben Gold 
Thwedtes, A paper entitled “Are Wars Inevitablewas contributed 
as No. 12 to the War Background Studies of the Smithsonian Institu¬ 
tion. A few investigntions were undertaken for the Board on Geo¬ 
graphical Names, of which Dr^ Swumton ie a memlwr^ 

Dr. John P. Harrington, ethnologist, was occupied during the first 
part of the year in ai] iovfssitigalioii tif the Chilcotin latigtiagea of 
northern California. The results of this work indicated that Chilcotin 
was introduced into California ftnin Canada in pre-European times^ 
but owing to the varying rate in time reckoning for the aceomplidi- 
merit of linguistic changes, the length of Chilcotin occupancy in Cali* 
fornia cannot be estimoted. With the eiceptlon c>f a small area south 
of the mouth of the Klamath River, Chilcotin occupies the entii'a 
coastal region of norLhi^rn CflIi fornia tu the mouth of Usnl Creek 
in Mendocino County. In addition to the linguistic conneetiorta tlia- 
covered, local tFadilione were obtained linking the Chilcotin peoples 
with a more northern group, Tw-o aepanite stories were recorded 
deriving the Hupa from the region north of tiie mouth of the Klamalh 
Eiver, and one was obtairiffd dtirivijig the IndianE of a part of die Eel 
Ri%^er dminagAfrom the Hupa region. 

Since his return to Washington, Dr* Harrington haa been engaged 
in the preparation uf maierlul for the linguistic section of the Hand¬ 
book of South American Indians* This work re^uUed in the discovery 
that Wiioto is Tupl-Guarani, ond also the very interesting finding 
that Queclma in Hokan, The Hokau hitherto had been known to ci- 
tend only to the Subtiaba language of ijie west coaat of Central 
America* Detailed studies of Quechua and of Gocauia have been mada 
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for the purpose of making oompariijons with ntber South Americsn 
Iwigiiag^ and with n view to discerning possibk further linguistic 
omiiDtion^ In addition to this work, Dr. Harrington has aW made 
an extensive study of tlie grammar of the Jivnro language of South 
Amcricfl. 

At the beginning of the fiscal year Dr. Frank H. H. Kobcrta, Jr., 
senior archeobgist, was engaged in prospecting and testing an in¬ 
teresting site in the Agate Basin, on n tributary of the Cheyenne 
River btrt weeu Lusk an d Tfa ivcastl c, i n eastern Wyom ing. Dr. Rfilairts 
had been sent to make preliminary mvestigationa at this location, 
despite the general policy of no regular field work for the duration 
of the War, because of the po^ibility that much information miglit 
be lost ns a result of erosive nctivitiex in the. area and from disturb¬ 
ance of the deposits by amateur collectors hunting for spccimeiiBi 
The site gave evideiice of having been iho scene of a biiain kill on the 
cdgva of a mamh or meadow. Animal bones and nrti facts were found 
in a stratum iluit breaks out of tlie batik some 20 feet above the bottom 
of an eroding gully. This layer is covered by an overburden that 
deepens mpidly as it is followed back into the bunk, nnd at a depth 
of 4 feet, where lire teats were terminxte<], was still continuing. All 
the htiiiex found, of which there were many, proved to be modem 
bison. Associated with these were projectile points^ which, altbough 
they suggest an oflinity with the Colkteral Tumn type—a form that 
has been considered relatively early in the Plains urea—nevertheless do 
not have all the significant characteristics of that type. Tlie fsaints 
have unhesitatingly Ijeon called Yuma by numerotis people who 
hciTie taiiimined them, and rhere is no question of Lhtsir belonging 
in that generul category^ although they Bhould not be eon^dBred 
c]ixssi[; forms. All iha points found at the Hite ore ronslstent iu 
putteni, ye| have a eonsidtiTfihle rauf^ in size- In the Heveuly- 
sotiiie points or Ijirge and easily identified fro^jraents found there, 
no shouldered, barbed^ or tnnfn!d forms Appear. The niafrria] un- 
quiiationabJy represents a cstilturiil unit without intrusions from 
other sources- Dr. Roberts dug B2 ejEamplaa out of undisturbed 
deposits. The remaining sfjecimens nre in the collcetions of Icxial 
residents, wJio picked them up aa ihey weutberefl out of the gully 
bank. Only a few end and side scrapers have been found, prob- 
ably bceauee of tho fact that ^he camp proper has not yet been 
located, but tJn^y ara typical of those associated with the so-called 
early hunting coaiple:*!^^. Geologic studies have not yet been made 
of the deposits. ITicy indicate some antiquity, but tliat Uiey are 
not as old as the age formerly postulated for Tiima remains is demon' 
etrated by the fact that Llie biwon rvpn^HEiitfiil are all mo<lem forme* 

It is hoped that wheu present conditions are orer^ the site can be 
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thoroughly excavated and detailed studies made of the material. The 
site was found by William Spencer, of Spencer, Wyo,, and was re¬ 
ported to the Smithsonian Institution by Kobert E. Frison, deputy 
game warden, Wyoming State Game and Fish Commission of New¬ 
castle, Permission for the investigations was granted by Leonard 
E, Davis, owner of tiie land* 

Leaving Newcastle, Wyo., on August 1, Dr. Roberts proceeded to 
Tucumeari and San Jon, N, Mex., for the purpose of disposing of some 
of the equipment stored there at the close of the 1941 season and ar¬ 
ranging for storage of the remainder for the duration. 

On his return to Washington, Dr. Roberts resumed his office activi¬ 
ties. Galley and page proofe were read for his report, “Archeologi¬ 
cal and Geological Investigations in the San Jon District, Eastern 
New Mexico,” which appeared in the Smithsonian Miacellaneons 
Collections, volume 103, No. 4. Manuscript was prepared and galley 
and page proofs were read for a paper entitled “Egypt and the Suez 
Canal ” which was published as No. 11 in the Smithsonian Institu¬ 
tion War Background Studies* By request, an article, “Evidence for 
a Paleo-Indian in the New World,” was written for the Acta Ameri¬ 
cana, an international quarterly review published by the Inter-Ameri¬ 
can Society of Anthropology and Geography. During the period from 
October 1 to June 30 a series of survival articles was prepared fiom 
data furnished by members of the Smithsonian staff. These articles 
were made available to the armed forces, through the office of the 
Ethnogeographic Board. Dr. Roberts devoted considerable time to 
the ta^ of gathering this information from the Institution’s authori¬ 
ties in the various fields of science and working it into articles for 
general reading. He also furnished infojmation on various subjects 
in r^ponse to requests from numerous members of the armed services. 
At the close of the fiscal year he was engaged in assisting in the prepa¬ 
ration of a survival manual for the Ethnogeographic Board. 

On April 1,1943, Dr. Roberts was designated as Acting Chief of the 
Bureau of American Ethnology whenever the Chief, by reason of 
absence, illness, or other cause, is unable to discharge the duties of his 
position. 

Dr. Jiilian H, Steward, anthropologist, continued his activities as 
editor of the Handbook of South American Indians, one of the Smith¬ 
sonian projects conducted under funds transferred from the State 
Department for “Cooperation with the American Republics.” He also 
prepared a number of articles for publication in the Handbook, The 
Handbook, which is three-fourths completed, will consist of four 
volumes of text and a two-volume bibliography. Material has been 
contributed to it by 100 specialists on the Indian tribes of Central 
and South America and the Antilles. 
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Dr. Steward took an active part in the creation of the Inter-Ameri¬ 
can Society of Anthropology and Geography, the purpose of which 
is the development of cooperative anthropological and geographic re¬ 
search. Dr. Kalph L. Beals was appointed to take over the work of 
organizing and developing the society. The society has approxi¬ 
mately 700 members throughout the Americas, and the first issue of its 
quarterly journal, Acta Americana, was in press at the close of the 
fiscal year. 

Plans were developed for cooperative Institutes of Social Anthro¬ 
pology to assist in training students and in carrying on field work 
in the other American republics. 

Dr. Steward served as a member of committees concerned with co¬ 
operative work in the field of inter-American relations and was a 
member of the Board of Governors of the National Indian Institute 
of the United States. He also represented the Smithsonian Institu¬ 
tion at the inauguration of Dr. Everett Needham Case as president of 
Colgate University. 

Dr. Alfred Metraux, ethnologist, continued his work as assistant to 
Dr. Julian H. Steward in preparing the Handbook of South American 
Indians. In addition to editing materials furnished by other contribu¬ 
tors, Dr. Metraux completed a large amount of manuscript material 
of his own for use in the Handbook. Through an arrangement with 
the National University of Mexico, Dr. Metraux went to Mexico City 
to teach from March until the end of the fiscal year. During the year 
Dr, M4traux’s paper entitled “The Native Tribes of Eastern Bolivia 
and Western Matto Grosso” was issued as Bulletin 134 of the Bureau. 

During the fiscal year Dr. Henry B. Collins, Jr., ethnologist, was 
engaged in work relating to the war, for the most part in connection 
with the Ethnogeographic Board. Early in July 1942 Dr. Collins 
was detailed by the Secretary of the Smithsonian Institution and by 
the Chief of the Bureau to assist in handling requests for regional 
and other information received by the Ethnogeographic Board from 
the armed services and other war agencies. On February 28, 1943, 
he was elected Assistant Director of the Board and in this capacity 
continued in charge of research relating to the above-mentioned re¬ 
quests. 

At the beginning of the fiscal year Dr. William N. Fenton, as¬ 
sociate anthropologist, was engaged, at the request of the Penn^l- 
vania Historical Commission, in a brief field trip among the Seneca 
Indians on the Complanter Grant in northwestern Penn^lvania. 
The object of this work was to collect Indian geographic names and 
traditions on hunting and fishing along the Allegheny River. 

Following his return to Washington, Dr. Fenton devoted most 
of his time during the remainder of the year to projects received 
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by the Ethnogeographic Board from the armed services and other 
war agencies. One of the results of his work has been a strategic file 
of personnel in the United States familiar with foreign countries. 
Growing out of the Roster of Personnel, World Travel, and Special 
Knowledge Available to War Agencies at the Smithsonian Institu¬ 
tion, as first compiled by the Smithsonian War Committee early 
in 1942, the present World File of Regional Specialists at the Eth¬ 
nogeographic Board now includes over 2,600 names of individuals, 
their travel and special knowledge. Cross-indexed by name, as well 
as by country, this index has enabled the Director of the Board to 
locate promptly any person in response to requests from the armed 
forces for authorities who might possess unusual information, photo¬ 
graphs, maps, and knowledge of languages of a given area. Certain 
officers as well as civilian specialists have returned repeatedly to the 
Smithsonian building to consult this file. In recognition of this 
work, in February Dr. Fenton was elected a research associate of 
the Ethnogeographic Board. 

At the request of the War Department, Office of Chief of Engi¬ 
neers, to the Institution, Dr. Fenton delivered a lecture on “The 
Nature and Diversity of Human Culture” to a class in Psychology 
of Administration. 

Dr, Fenton has continued membership on the Smithsonian War 
Conunittee, acting as its secretary. 

Work on the Indian place names of western New York and west¬ 
ern Pennsylvania has continued by correspondence with Messrs. M, 
H. Deardorff, Warren, Pa., and Chas. E. Congdon, of Salamanca, 
N. Y, At the end of the fiscal year, another correspondent, Dr. 
Elizabeth L. Moore, of Meredith College, had about completed the 
translation of J. F. Lafitau’s Moeurs des Sauvages Ameriquains (2 
vols., Paris, 1724), a project reported last year. 

Publications for the year include: Songs from the Iroquois Long- 
house: Program Notes for an Album of American Indian Music 
from the Eastern Woodlands, published jointly by the Smithsonian 
Institution and the Library of Congress as vol. 6 of Folk Music of 
the United States (Archive of American Folk Song); Contacts be¬ 
tween Iroquois Herbalism and Colonial Medicine, in Smithsonian 
Report for 1941; Last Seneca Pigeon Hunts, in Warren County Penn¬ 
sylvania Almanac, 1943; and Fish Drives among the Complanter 
Seneca, in Pennsylvania Archaeologist; also several book reviews in 
professional and other journals. At the close of the fiscal year, the 
paper entitled “The Last Passenger Pigeon Hunts of the Complanter 
Senecas,” which had been prepared with M. H. Deardorff for the 
Anthropological Papers of the Bureau, had been accepted for pub¬ 
lication in the Journal of the Washington Academy of Sciences. 
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In Dec€mb«r Dr. Philii) Drucker, asdstiint eauidngiat, 
ceWed a coifirtiiKsion in the United Status Naval Bcacrrc and was 
jjrunteii a military furlough. Dr. Drucker bad epeuL tha preceding 
portion of the fiscal year in preparing final reiMtrts on archeological 
work prevjoualy conducted in Mexico by the National Geographic 
Society—Smithsonian Institution aieheulogical expeditions. These 
reports, in press at the end of the fiscal ycar^ will appear as BxiUetina 
of thes Rureaii, 

STEClAL ItES£A£CHE£i 

Miss Frances Densmore, a cullaborator of tho Bureau, continued 
work on the study of Indian music by completing two large manu- 
scripts—Seminole Music, and Music of Acoma, Islcta, Cuchiti, and 
Ziini Pueblos. She also devoted considenibk time to a study of tha 
tracffi of foreign inUucncea in the music of tho Aoiericaii Indians. 
During a portion of the year she was engaged in writing a handbook 
of the Sitiithsoniaii-Deiiauonfl oolleotion of sound recording of Ameri* 
can Indian music for the National Ai'chivea, 

Miss De nsni ora presented to the Bureau a record of her field work 
on Indian music and customs for the Bureau from 190T to IMl, and 
completed the bibliogntpliy of her writings on that subject. She also 
presented the original phonograph record of a speech in the Uta 
hin^age by the famomt Ute chief Bed Cap, made in 1$16, and a 
sindlar record of a speech in the Yuiiia language by Eiicora, made in 
1922, with 

Li 104S Miss Densmore completes 90 years’ study of the muac, 
customs, and history of tlie American Indiana. 

editorial pcraj4mTtoNfl 

The editorial work of the Butoau oontinui^d during the jear under 
the namediate dlrectiun of the editor^ B£. Helen Pahaerv There were 
iiwned ose Ann uni Beport and three Builetins^ as follows * 

Fifty-nliitti Amiual JifiHirt the ^uxvaii ol AmErluaiL Ethni^lo^, 1011-1042, 

12 piL 

Bullftln 152. mfk^trlal un Uitj blvLorj nnd ethDolog^ qf tin: Cfiddq XadJacj. 

by John JL SwRntODn 882 pp., IB pI§L, D text figs, 

BuLletLn 154, The iintlTe trlbcu ol qaBti>m TteUvia auii H'CBieiC'D Unlta Grussq, 
by Al/ml 182 i?p.p fl pin.. 2 imxt 

BuJlfhUn las. Or[^ 4 j mytli of At^mn and other by Mattbqw W. Stiflltsjt. 

^ 17 pis,, » text 

The following BuUetina were in press at the close of the BbcmI yiiiir: 

Utillotin 123. AnthrqfHjTn^fltal pwtKnf, nunkberm 10-26: 

IiOd 10. A Hc^areh fuf liunpi tli& ChltlnmcliJl Indians lu Luul^iunu, by 

Frances JluoBmoria. 

— 14- — S 




m annual BEFoirr i 4 ^ 8 TmrTtoN-^ 1943 

No. ZO. ArcZi^lo^i^ Borrc-j on the uorthifra NorthCwwti ty Philip 
Drueker. With apjendit, Earlj tnaiift of tlio Bridhh 

Colnmhia QjmU EOim M. 

Na 21. Some notiu on a fllles Ih Tteanfort fionnty, £¥uilUi CfirollDO* by 
Bpfi^nn FlnuiHrry- 

Ko, 2S. An oimlTKla and toterpr^Eflllon i?C tho ceramlf^ reoialna from two altiis 
noaf Beaiiffirti Sontli Qiroliuii, by JBiuoa Bh 

No. 33^ Tbii Oflfltom Chomkeefl, by WiSlium HarUm CJJJbcrt^ 

No. 34. AcoHJto po[^fi whnllnj^ In Asia and America! An AlGntinii minflfipr 
to the New World, by Bnbert P. HfilEor- 

No. 215. Tbe CaiTSer IndianB of the Bnlkiey lUTer: Tbetr sooUa and rell«Sqn& 
lUe, by Bltunohd Jenn*«a^ 

No. 2d lliD qoipu and Fonivlari rtyllS^tlon. by John R. Swimtuo. 

DnTlotin 136. AnthiopoloifKeAL pipors, nnoibera 27-32:; 

No, 27, MimIc of ihe Indliina vt BrULah ColnmhSa. by Franoea iDenamore. 

No. 33^ Cbootaw nuiMe, by Frances Honsmore. 

Nq. 29. Some efbnaloKicnl data eoccf^mlns one hnndined Tncntnii plnnFiv by 
Morris Steni^erda, 

No. 00. A deseripMon of tlslrty towns In Ytieatnn^ Mesit.u by Morris Stegeerda. 

No. 31. Some wedteru SbofiboDl myths, by Julian n. Siewnrd. 

No. 32. Nfiw materia] from Acotaan by te$lSo A. Whitt 

Bulletin 137, The Indiana cf the Houtbenatem IWm Stat^a, by Joha H, 
Swactoti. 

BnlJotLa 13E, Stone monaments of Boatbem Mexico, by Matthew W. Stirling. 

Biill€!tl]i 139. An tBtroi]u.etioa to the trErunalca of TreS Kfliiotei?, TfiKiomx, 
Mexico, by r« W, WelaoL 

BuUetln 140. Cleramle nt Tres Zapotes, Veraerna;, Mexico, by PiilUp 

Urueker. 

BullellD 14L Ccramlo stratiernidij’ at Curro dc Jos Mesas, by PldTIp Drurker. 

DiiUetln 142. The contemporftty tnitnre of the ClUiUa ludJiica, by Ealpb L. 

neals. 

Publications fVistributed totaleii 10j793, 

libbabt 

Accessions durinj^ the fiscal year totaled 33L There ha^ been a 
sharp decrease in nil classes of aocessiotiSf owing^ to mluced funds in 
tha case of purchases and to war conditions in the case ol gifts and 
exchanges* 

The Library of Congre#® cards for nonaerial matter on hand at tlie 
beginning of"the fiifCiii yOftt, amounting to several thnnsand^ have 
been prepared and filesK Canly for foreign periodicals and society 
iransactions have been prepared and filcd^ including shelf-list cardsi 
A record of holdings appears on each of these shelf-list entries and 
isoiiie arc now in their permanent fonn. 

Several thousand pamphlets, including n number of valuablo ones 
partainLng to the Indiati Territory and the Fire CiviUzed Tribes, 
were recla^ihed and reshclved* 

Tba Hbrnry has been much in Xim as a source of material for the 
Ethnogcographic Board OJid the war agencies. 
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ILLUSIEATTONS 

During the year E. G. Cassedy, illustrator, continued the prepara¬ 
tion of illustrations, maps, and drawings for the publications of the 
Bureau and for those of other branches of the Institution. 

COLLECTIONS 

Collections transferred by the Bureau of American Ethnology to 
the department of anthropology, United States National Museum, 
during the fiscal year were as follows: 

number 

1628S2. Archeological materials collected at Tres Zapotes, Taxtla District, south¬ 
ern Veracrnz, Mexico, during the winters of 19S8-30 and 1939-40 by 
the National Geographic Society-Smlthsonlan Institution expedition 
under M, W, Stirling. (1,359 specimens.) 

163712. 14 ethnological specimens originally obtained by C. Spencer from the 
Payamino Indians, eastern Ecuador, and 3 archeological specimens 
from excavations along the Napo Elver in the vicinity of Eden, Ecuador. 
(17 specimens.) 

165123. Stone ax blade and 5 bark-cloth dance masks collected by Dr, Irving 
Goldman from the BTobeua (Gubeo) Indians, southeastern Colombia. 
(6 specimens.) 

misceelakeous 

During the course of the year information was furnished by mem¬ 
bers of the Bureau staff in reply to numerous inquiries eoTiceming 
the North American Indians, both past and present, and the Mexican 
peoples of the prehistoric and early historic periods. Various speci¬ 
mens sent to the Bureau were identified and data on them furnished 
for their owners. 

Personnel. —Indefinite furloughs for military service w^ere granted 
to Dr. Philip Drucker and Walter B. Greenwood on December 31, 

1942, and January 15, 1943, respectively; Miss Nancy A. Link was 
appointed editorial clerk in connection with the preparation of the 
Handbook of South American Indians on August 15, 1942, by trans¬ 
fer from the Bureau, and resigned on January 23, 1943; Mrs. Eloise 
B. Edelen was appointed editorial assistant on August 24, 1942, on 
the Bureau roll; John E. Anglim was appointed senior illustrator 
for the Handbook on August 12, 1942, and resigned on April 21, 

1943, to be inducted into the Army; Mrs. Verne E, Samson was 
appointed editorial clerk for the Handbook on December 22, 1942; 
Sirs, Ruth S, Abramson resigned as assistant clerk-stenographer on 
May 28,1943, 

Respectfully submitted. 

M. W, Stirling, Chief. 

Dr. C. G. Abbot, 

Secretary, Smithsonian Institution. 


APPENDIX a 

REPORT ON THE IXTERNATTONA^T, EXCHANGE SERVICE 


S>r: I hare tlic honor to suhmit the foUotdng report on the Actm- 
ties of the IiiLeritAi.ionHl Eschange Service ior the fiscal year ended 
June 30,1943: 

Ffoijj the Hppropriatioii ‘*Genera] Eipcnses, Smitbsonitm Institu¬ 
tion^' there iras Allocated for the expeiuMs cif the Service ^5)808* 
This amount was reduced bj the Bureau of the Budget by setting aside 
a reserve of $10,000, making tJie sum available $35,8i08. This latter 
included $9S8 to meet withiR'grade promotions to certain employees 
AS provided for by tlie Rarnspeck Act. 

In adilition to the above, $1,500 nras allotted to the lnsE.ituLi<jn by 
the DepArtment of State from a sjiecial Congressional Appropriation 
to thatBepartment for carrying on its work of promoting the cultural 
relations between the United States and other American rcpublicK. 
The money transferred to the Institution wiia msed by the Exchange 
Service to s«nd piickagee of publications by mail directly to their 
destinations in Argentina and Brazil, the only countries in South 
America witJi which there are no reciprocal arrangemetils for the ex¬ 
change of publieaUona under govern menial frank. 

The number of packages received during the year for distribution 
at home and abroad was 513,46(1, a decrease from lost year of 47,691. 
These packsgeB weighed a total of 248,648 pourida, a decrease of 
77,768 pounds. This material is classified oa follows: 
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Packages are fonvarded abroad partly by freight to exdiEitige bu- 
reauA for diEtiibution, and partly by mail directly to thoir destina- 
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tiocfi. The number of boxes shipped abroad was an increase over 
last year of 44 bozeo. Of theae^ 416 were for depcsitones of fuU 
sets of United States goremmental docuuiriitH, and 22$ were for da- 
poaitorles of partial eels and for various establishments and indi- 
viduaU abroad. The number of jmekagea sent by mail was 100|074, 

As lias been stated in previous reports, the ^var baa made it nec¬ 
essary for the Institution to suspend shipments to many foreign 
countries. Howcvei*, since lost yciu-'s rej>ort was issued, shipping 
conditions have improved sufficiently to make it posriblo to add a 
few countries in the Eastern Hemisphere to those to which consign- 
menta arc being transmitted. The countries to which shipments were 
being made at the dose of the fiscal year 1&43 were as follows: 

Uffiinlfiplip.re: 

Great Etrltalrt nnd Norshora Irolatid. 

RepuliUtJ oUnMnd XrliiJti Free 

FerUiiftL 

Unluu d 1 Suvli^t Socialist Hcpulillcu. 

UoluD uf Soutli Africa. 

iadlA. 

AuAtmltn. 

Kew Zealand, 

Western AU countrlcy. 

It was in th^ last report thsit packages for places in the 

Western Heinieplitirta wai'« mnl by Riall ant] that tktsre was soma da- 
lay in ti'ansit due tQ c^CMnination of their contents by the eensor. Xha 
Office of Censorship has been good enough to inaka special arraiiga- 
menta whereby package-^ riiAHed abroad by tlia SniithsoiiisLi Insti¬ 
tution now pass the po^nl censor with littk delay. 

FOKEIQN DiErOSrrORIEa OF GOVEHNMlJNTAl. OOCUMOTS 

The number of sets of United States official publications received 
for traneniij^inn abroad tliruugh Uta iRtarnutionaL Kxebanga Service 
is D1 (&& full and 30 partial seta). On account of war conditions it 
i$ possible at this time to forward only M of thejsa sets, 'llie remain¬ 
ing 37 sets are being withheld for the duration. 

Through arrangt«nieutH vi^iih the Librarian of Congress, the large 
number of boxea cif governmental documents tliat had accumulated 
at thb Institution and were overtaxing the liiiiited space hcra^ ai-o 
now stored in the Library of Congi-psa. 

llip partial-eet dl’|s^^ito^y of the Dominican Republic has lieen 
changed to the Library of the University of Santo Domingo, and the 
depository in Paraguay, to the Ministry of Foreign Affairs, Library 
Seciiorij Aaundoiu 
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A ciompieLe of Ilia de^TOHitorias Undar pra^tit wht 

conditions^ consignments are fonvardcd only to those countries listed 

on Uia pnevidus pag«. 

UEJ^ILfaiTOOllEa OF iriSLL 3£ISI 

ABonrrnTA: DlnvcIAn de IiaT*^tjfiflcSfln^«, AT<iliIro, niM!oteea y Lcglslactdn 
Extmnjeirflt Mlntoteiio do Relsolcnes I^xterlores y Culto, Bueaiita Mros, 
AtrsTHAJLii: CommoiiwealEii Fiirlitunont uad NailcJiiU Utiiiiry+ Ciuibofni. 

Nw South Wax^s: Pulilic lAlmty ol New SouLb Wdya, SydMy. 

tarlluELiontBry Llliniry, Brisbane, 
t^uTH Austsaua: FnliUc lAbmry of Sontli Aontimlliif AdelflLdei 
Taruaiha; PaTBflmf»otajpy JAbraUi Hobart 
Vtcttoeta : Foblrc Library of Vincula, UellKmmc. 

WEmxftN AUfltOALZA; FuIpIIc IJbntry of Wcsleru Aoatrfdla. BerLb. 
Bjs:£4PIc^M ! BlbHutbCiiu-B Eoyal^ Bnizellas. 

Hs4xlJ,f InuLUutO NaoEoiLBl do Utto, Bio do lauolro. 

C As An a: LJbruij af ParlEnment Otlawn. 
aiASTTOflA: ProTlndA] Library^ Wlnitlpei!^ 
fjHTABio: T^|«1fttlvo Library, Toronto. 

Qirmrxi, Library of the Lef^lstatiirc of the FroTlnce of CJnebot 
CmiA: BEblloteea NacTooaL Skintlaeo. 

Cuttca : Btircau of IntornatJoucil Excliau^p MlnLlry of Eduf^tloD, ClhaELgAlTtff- 
CoLonuiA: BibllotcCB Nadooni, Bogota, 

CwrA Bica: OUdnu da Dopdallo y Canlf^ Tnteranriniml de BohUeadODes^ Sah 
JofiA 

CuTiA! MlnlRloiio df^ Earado, Ciiiile Interna eiotiol, HnbauB. 
r™rijo«wwAitfA: BEbltethN^ue do BAjaaettibl^D Nutlonale, Fragn^, 

Di^maile; Kongeilfie Danske Vtileti^kiiberiios Soisknbp Copenhaji'ea. 

£>jTrr: Barcau dot FubllGaUoaSd des FlDEnef^ Cotro. 

Estvsia: HllgSmsiomtukogn (State Library)^ TnIBnn. 
risLASo: PnrlbiiDGUtJiry lihmryf HelnlnkL 
Feasce: BEhlEotb^nc Nat'lonale, FoiiSr 

Grim ant; BelctiBtaaocbBtellc Im EdebsmliifiLerliini fUr WIssoQBebaft, ErcLdiaiig 
tind VqltsbfJdnng. BetUD, N. W* 7. 

Phus^ : Freusdsdie SUmUcblbUotheA, Berlin, N. W, 7, 

Cjizat HerrAjrc! 

EnaLAETD: BrlBiib MnAfaim, T^ondOTI. 

Ix^NDOTfS London Sebool of Econoudca and Folltleal Selenee. (Depository 
of the London Goutity CoanelL) 

Hu^aAET! Llbmry, Hungarian House of Delegntes, BtidaiieoL 
llKniA! Imporlal Library, Cnlcnttn. 

Teelard : National Library of Imlnniii DabUn. 

Italy : Mlnijttern dell^EdtiraxIotie Naxlonclep Borne. 

Jafatt s litifpertal T-lbmry of Japan, Xokyo. 

Latvia ; Bib1iolb^|ue d'Euit Rtea. 

Leadue of Kaho^^s: Library of Uie Lengtte of Nntlonq, Geneva^ Switzerlaail 
Mradco: DJrcecIdD Gancml do rnformocldD, Se^retada de Gobomaeidd Mf-xim 
D. F, 

NnrrESTAirDR: Eayal lilbrary, Hpf ee. 

New ZEALATm; GeneraL AaDeiably Library^ WeTIIngton. 

NoimiEEK R M. Btatloncry OfE!ee» Belfast, 
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Now at: Unlversltets-Blbllotli^, Oslo, (Depository of the Government of 
Norway,) 

Pebu: SeccI6n de Propaganda y PubllcacioneSp Mlolaterio de Relaclones Ex- 
teriores, Lima. 

Poland : Eiblloth^ue Nationale, Warsaw. 

Poetugal: Biblioteca KacionaL Lisbon, 

BuMANtA: Academia Eomftna, Bncbarest, 

Spaxn: Cambio Internacional de Publlcaciones, Avenlda de Calvo Sotelo 20. 
Madrid. 

Sweden: KungUga BIbllotetet, Stodfebolm, 

Switzeeland : Bibllotb^ue Centrale F^derale^ Eerna 

TtJEKEr; Department of Printing and Engraving, Ministry of Education, 
Istanbul, 

Union of SotTre Apeica: State Library, Pretoria, Transvaal. 

Union of Soviet Socialist Refuhucs : All-Union Lentn Library, Moscow 115. 
Ukraine : Ukrainian Society for Cultural Relations with Foreign Cknmtries, 
Kiev. 

Ub0guay; Oflcina de Canje Intemaeional de Fublicaciones, Montevideo, 
Venezuela : Biblioteca Naclonal. Caracas^ 

Yugoslavia : Mlnist^re de r^ducatlon, Belgrade- 

BEPOSTTOEIES OF FAffllAI. SETS 

Afghanistan : Ministry of Foreign Affairs, Publications Department, Kabul. 
Bolivia: Biblioteca del Minlsterio de Bdaclones Exteriores y (Mto, La Paz. 
Brazil: 

Minas Geeaes: Directorla Geral de Estatistica em Minas, Bello Horizonte, 
British Guiana : Oovennnent Secretary’s Office, Georgetown, Demerara. 

Canada; 

AotEK TA; Provincial Library, Edmonton. 

British Columbia: Provincial Library, Victoria. 

New Brunswick : Legislative Library, Fredericton. 

Nova Scotia : Provincial Secretary of Nova Scotia, Halifax, 

Pbince Edward Island : Legislative and Public Library, Chariot tet own, 
SASKATCHEtvAN I Legislative Library, Regina. 

Ceylon : Chief Secretary's Office^ Becord Department of the Library, CJolombo. 
China : National Library of Peiping. 

Dominican Republic : Biblioteca de la Universidad de Santo Domingo, Ciudad 
Trujillo. 

Ecuador : Biblioteca Nacional, Quito. 

Guatemala: Biblioteca Nacional, Guatemala. 

Haiti : Biblioth^ue Nationale, Port-au-Prince, 

Hondurab ; 

Biblioteca y Arcblvo Nadonalee* Tegucigalpa. 

MinisterlQ de Relaciones Exteriores, Tegucigalpa. 

Iceland : National Library, Reykjavik. 

India: 

Bengal: Secretary, Bengal Legislative Council Department, CotmcH House, 
Calcutta. 

Bihar and Omssa : Revenue Department, Patna. 

Bombay: Undersecretary to the Government of Bombay, General Depart¬ 
ment, Bombay. 

Burma: Secretary to the Government of Burma, Education Department, 
Rangoon. 
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PtrrrjAi: CliM SM^rntHry to thV‘ Govommiiiit isf tto pDoJub, Lalios^, 

UmTZD Pficmz^cEH or Aosa ArTD OiioH: UDlTeiBltj of Allatiubad, Allobabud 
Jamaica: Colnnlil Smi^tArTK KlnffstoiL 
Luifuta: DcpArtmeflC of Srato, ^loororln. 

MALtA : Mtiil&t4?r for fho Tronsniy^ TAlletn- 

KuwTotrwptAwo! DopnrEmODt of Hoiiie Affalra:^ St 

NnrAftAouA: MEul^ti^flo 4c KdoctODois ExtcrEorM, Klntuigm 

Pahaua: MtbiMeHo do Bducloocfl Pommuu 

Pakaouat : Mlnbfterlu dc Roindooey ExtcrEcrtiGh SvcclOti Blblictecu^ A^mudOii, 

^ALWADOB.: 

BrbTIoterA iv^Bdona], San SatTudcr. 

Mlnlatcrto do Rdadcoes Ext&rlotco, Sail Sali^Hdcr. 

TaAlLAz^o! ncpartmCnC Of rotd^ AEtiTrm Bangkok, 

VATirAw Cmt BEbllot^ Apo^toikn VntScunH, Vatican City, Itnlj. 

I^■TXE^AIlLTAHEKT*VRT EaCHANOE OF THE OFFICIAL JOUHNAL 

In tlie last report it was stated iJiat tlie sending of the daily issues 
<jf the Congret^innal Kpc«rd and the Fcfh^ral Registjer was discon¬ 
tinued in April 1&12^ at die request of the Office of Ceiiiiorsfliip- Tlie 
ban placed on the forwarding of these journals was lifted in Febru¬ 
ary 1943^ and the regtdar transmissioD of the Record and ihe Keigister 
were resumed. Copies of the back numbers were forwflrdad, in order 
that tlie series of the joumak would he cijmpiete in the fiJes of the 
depositories, Tlie number of copies of each of theite jonrnala de¬ 
livered to the Institution for thia interparliamentaiy exebanga was 
reduced from 71 to 5S—the number that it woa possible to forward 
under tha curtailed operations of the Service- 
The Biblieteca BcTijamiii Franklin, ifexico, D* F., was added to 
\hcAE countries receiving the Record and Register. A list of the 
countries to which those journals are now being forwarded follows: 

pErosfrcMCa CF oDifuKEHHicriAL arjcmtii 

AflOTWTTWA : 

BlbllotecB del GenpeoD Nacfcnal, Bucnes Alrcs^ 

Ciniara de DiFUEtadoi;^ Oflclnn ilo rnfcmincJOa PnrItiiBeiilarla, Biici^rat Aires, 
Bol^tfii OBrifll fle iB B^nUITca Argeatino* Mlnlsterlo dc JustlcTa ^ Xo- 
itnKt?J6n FabHffl, TUienofl Alrca 
AoemALTA * 

CairimnnwpAltli Parllatnent imd National LilimEy, Cnnherm, 

New Soimi Wales j Xplbrary of Ptirllomrcit of New SouUj Wales, SydiiEj. 
QuEE-vRTjAim: Chief Sccrctiity'a Offlccp nrUhaiie. 

WfCtt jyaM Avstejulia: Ltbrary of Par]|asfiCGt of Western AuEtmllBy PerUj, 
Beaeil : 

Blblloteca do rongrewa NaclonnlH Elo dc JAorlm. 

Auaeoeabi ArchlrA, BibHotega e laipreD^ Publlfflp Mandcs. 
n AKTA: Goreimndor do Eatado tJji Bahia. Rflo J?*lvad(?r. 

Eiainarto Saitto : Freaidcxiclii do Eirtado do K^iptrlio Stmto, Tlctorl^* 

Bio Goat^de DO Sul: "A FtMlcmcdOi" Porto Alette. 

Seboite : Biblloteeii PnhUcfl do ll^adO de Senripe, Anii^fijCL 
aiQ PAOLO? Diarto Offlci:al do Eslado de S3lo l^nlo. She Paulo. 
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Btifruoi Honouius : CuloainJ SifCiifluiy, 

Va^aua. : 

Llbrurj of rarliumentf OttnwB. 

i]l%Tk at tbe S^imLtOp nouECFi of Farllamintt Ottawa. 

Cuba : del CflpStolSo^ llPbuitn. 

Goe^t BmtAiH I Llbrnrjf of ibe Foi^lgti London. 

GuAtxUALA: BitiLlototii Uo la Aaamblea I^^ialaU^a, Guat^hauUa. 

Haiti: BlblloibC^tie NatlotituaH Poi’l-flu-Prluw, 

Homfouu: BlblluLOcu did Uungnso Na^-louulf 
It^dla; Leel»EBtlTa l>ej]Brunout, SlmLu. 
laiATI Fixe Statx: Doll E[r«aiiKp DublllX 
Meuod: 

DKiOcOIOq GOderol de JoforniacLOnp ^ijorctnrlu do GoberDEclPiip MextcOp D. F. 
BfbLlotdCfl BcjoJaoiln FrankUp, fttexEcci, P* 

AtfiFABCAiJXTnEa: Oobenmdor doi Esiado do AKWiAOflllMt«, AgnBiscullfintea. 
C!AMFEt ux: GolwruaiJor d£l Bstudo do Compoobov 
Chiapas: Gotwrnailor dol EstaUo do Cbinpoa. Tu^tlu GutloiroiL 
CHUftTAmjA; OobtrmadDT dol Eatado sle CbibutEbuo^ CbibmibuaH 
COAttiTTLA: Ferlddico OdcLal deJ Katado do Cuaimlliif Paiuolo do Oobloimo. 
SoIUllo. 

Couua: GoUortiQdor ^ EdtndO do CoUma, OolKma. 

nuTtAtiim- Gobtimuikir Conatituolonal del Estado do Duraaeo, Dueudso. 

GnAXAjcTATo: Socfvturlu GeiiCful de Ooblemo del E^tado, GnmmSdalPi 

Ouxoaeuo: Oobenmdor del EaiDdo do GderrerOt Dill^MiDeiii&O- 

JaLtEiCd: BIbllpieca del EntadOp GuBda^LLjunL 

Jj^wm CAlJi^iKStAt Goboribador del HlatrUo Norlo: AiexLealL 

Mjbtic^ i GuoetD del Qob^ertn\ Toluca, 

MkhoacAjh: BeereCarln General de GobSerno del Eatado do ULcboaeiiiip 
MorelLa. 

Mei^i^: FAlaeln de GoblotDOp Cueriiavuca^ 

NAYAMTt \ O'ObortLiidar de Naj'arlt, To|ikv 
>'cnevo LiK**s: BlbUotwm del Iiistado, MoDEurre^, 

VAXAQAi F^rlbdLw OflcSttl, Palnelo do OobEemo, Qaxaoii. 

FtJXBLA: ^eemtiirlM Qeoerat de Gobtenio, Puebla. 

Quee^abo ; Sueretaria Oeuerul dO Gob^enJO, SoeeEda do Arcbl vo, Quorntaro. 
Sak Lnra Poroal; OonffreBo del E^tado„ Bua Lula Foiosl 
SiTfAtOA : Ooberniidor del Estoda ile Bluidou. CuHacdo. 

SO.'fORAi GobeniiidDr del F-aMsdo de Souorsp HcnDDillla. 

TAauiOij! Socrcluida GeneraJ de Ooblemo, t^elda ^a^ llaiua du Freusa^ 
VElIaljenuotfO. 

Tauatjupab : SSecreULTla Gciierfli de GublemOt Vle^os'l** 

TtASCM^ : Secretarltt de GobJemo del E^tadOn Ttn^Ecala- 
ViKACKna: Goboroador del EsUide de Verncrusi, Dapartmonto do Gyberoa- 
ddn f Justic'las lala[ia. 

SucatAw: OobemAdor del Esrtado do Yuculdp, MOfSda, 

Ki;w 2kAiAM»: Geiieml Asseti^bly Ubrfl^y^ WoIlini;loii, 

I'xEtr: CAmuni de DlpytadOa^ Llmft, 

U^riojf or SooTif Apkica : 

Library df ParUamentt Ciipo Town, Cape at Good IJl^pi^. 

State Library* Pmnrlap Traiii^'aal. 

Cauor^AT: Dtatlo Oflctal, CnHe Florida I ITS, MeplevIdeOh 
¥Jt,sfizcxr»A ; BiblEuteea del Cmgrmai Camcaa. 
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tllilLEinN I^CHAnOV. AC^ENClEa 

As a matt€r of infomiaLion for thosa making^ uso of thij facilities 
of the Intemtitionftl Exchaii^^e Service in the distribution of their 
pubiic£itioii!f^ ill India^ it shoulcl be s^latecl thut the inau^ration 
of the Provincicd Autonomy authomed m the GoverDment of liiciia 
Act uf 1D3S (which did not crunie into force until several years there¬ 
after)^ tJ^e Superintendent of Government Printing a^ui Stationery 
jti Bombay no longer aci^ as the distribiitiiig exebange agency for 
British India^ which work it had conducted sirK^ lOlE. Except in 
a few ingtancses where the goveruments of other proviucea reimhur^ 
the Bombay Agency for expentiisa ijiqiiiTed in transmitting publica¬ 
tions to govenunental offices^ the exchange activities id the Su[Jer- 
intcndenl of Government Piiiiting and Stationery now are confined 
to tlie distribution of packages in the Province of Bombay. To other 
provinces packages are went <lirect from Washington by mail. 

There is given below a list of bureaus or agencies to which con* 
signments arc forwarded m hoses by freight when the St^rvice is in 
full operation. To all countries not ap|>Bariiig in the list, packages 
are sent to their destinations throegh the mails. Aa atated previously ^ 
shipments aii2 sent during wartime orily to the agencies in coun¬ 
tries listed on page 

UBT OF Jkim^UEU 

JuMKEiA, via France. 

vka Portui^a]. 

Axqrek^ via Ponna^L 

no.rinM:i SeJrfer Beljtt des lultiraatloDaiiTt Bojalc de 

UTiccellca. 

€A»m IsijLunEr via 

Chtbta: Dnrena €>f InternadDnal Esebange, nf ECacsttnn, Chllufilring. 

CxKxiiia¥iiiiv\Kvx \ SerriM dc« lulerafiLiCJnhaz. Glhltfhthtnup de i'Afcs^m. 

bl& Natiooele^ Praejoe l-TOL 

Dr^UAluc: Surrkie laioab dfw TrternjiUonqm, Kuciaiillae Dannke 

VJdeiutkfth^riiej! SeLnkab, Copenbaaen V, 

Eflvm Oci^^enmieiiE Presa, Pubdlcatlona Boln^p CTnlre, 

FTft'tATfUi D^c^aUoa ef the gcIcnllOc Bcarlatlafi of plnlnad, ^qaaLrujpnitaii *24^ 
Uelslnkl. 

FtM^cx: SelTlce Franvttla ^bnnffe#? Intematlonnuz. IIO Hue de QrcttdJCi 
Parte, 

GESMAjfV: Ajuerlltfl-rassUtut, UnlveraimrstniRnii H, flerlin, N. W. 7. 

GatAi- Bhizain awii latx^rib: Wlieldon A W«1ey, 7^1 Norm OlimJar Road, 
WmcsdcD, London, N. W. 2. 

ITuTmAKT: Kanearfnn Llhrerle? Raard, Fcreqcloktcre S, TV, 

iTtnix; J^titwrlnrendenf of Oovcrnmeiit FrlJirln^ and [Bombay. 

It ALT: UflSeio deijIJ ScaniUl lutenuEtloniiU, Mlnls^em aelt'EJacraKEone Na^lennle. 
Riiine. 

Jafah : JiitomalEoanI Ezrtifliijre ^erriee, Xmperlal Llbniry of Jaipan, Uyeno Firk, 
Tokyn. 
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Lawia : Service des ^fichanges IntematloQani:, Bibllothdque de Lettooie, 

Riga* 

Luxbmbouhg, via Belgium, 

Madagascar, via France, 

Madeira, via Portugal, 

Mozambique, via Portugal, 

Netherlands: International Hxchange Bureau of the Netherlands, Royal Li¬ 
brary, The Hague- 

New South Wales : Public Library of New South Wales, Sydney, 

New Zealand: General Assembly Library, WelRngton, 

Norway : Service Norv4gien des liicbaugea Internatiooaui, Blblloth&que de VUdI- 
versit^ Royale, Oslo. 

Palestu^e: Jewlaii National and University Library, Jernsalem, 

Poland; Service Polonals des Changes InternatioiiaiiK:, BibllothMue Natlonale, 
Warsaw, 

Portugal : Sec^SLo de Trocaa Internacionaes, Biblloteca Naclonal, Lisbon. 
Queensland: Bureau of Exchanges of International Publications, Chief Secre¬ 
tary’s Office, Brisbane, 

Rumania: Mlnlstdre de la Propagaode NalJonale, Service des ^changes Inter¬ 
na t Iona ux, Bucharest, 

South Australia : South Australian Government Exchanges Bureau, Government 
Printing and Stationery Office, Adelaide, 

Spain: Junta de Intercamblo y AdquislciOn de Llbros y Revlatas para Bibllote¬ 
ca s Pdblicas, Ministerio de ESducacidn Nacional, Avenida Calvo Sotelo, 20, 
Madrid, 

Sweden: Kungliga Blbllot^et, Stockholm, 

SwiTZEai«\NB: Service Suisse des iSchanges Internation am, Biblioth^ne Centrale 
F^d^rale, Berne, 

Tasmania : Secretary to the Premier, Hobart 

Turkey : Ministry of Education, Department of Printing and Engraving, 
Istanbul, 

Union or South Africa : Government Printing and Stationery Office, Cape Town, 
Cape of Good Hope. 

Union of Soviet Socialist REPUBLicfB: International Book Exchange Depart¬ 
ment, Society for Cultural Relations with Foreign Countries, Moscow, 56. 
Victoria : Public Library of Victoria, Melbourne, 

Western Australia ; Public Library of Western Australia, Perth, 

Yugoslavia: Section des ^changes Intematlonaux, Mlnlst^re des Aflalrea 
Etrang&res, Belgrade, 

C- W, Shoemaker, Cliief Clerk of the Exchanges until his retirement 
in November 1941, died on January 6,1943, Mr, Shoemaker had been 
with the Institution 59 years. He had a translating knowledge of 
many languages and, in addition to his duties as Cliief Clerk, served 
as translator for the Smithsonian and its branches, 

* Mrs, Mary D. Gass, clerk-stenographer in the International Ex¬ 
changes for over 18 years, was transferred to the Translating Bureau 
of the Department of State June 21,1943, 

John W, Cusick, assistant clerk in the International Exchanges, 
was retired November 30, 1942, after having been with tins oflSce 
for over 17 years. Prior to his appointment in the Exchanges, he 
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was a guard in the National Museum. Mr. Cusick was a veteran of 
many wars, having served in the Spanish-American War, the Vera 
Cruz Campaign, the Philippine Insurrection, and the First World 
War. Mr. Cusick died at Marathon, N. Y., on June 30,1943. 

Paul M. Carey, skilled laborer, was granted military leave on 
August 12, 1942, for the purpose of enlisting in the armed forces 
of the United States. 

L^igh Lisker, translator, having been drafted, was granted military 
leave March 22,1943. 

Respectfully submitted. 

F. E. Gass, Acting Chief Clerk. 

Dr. C. G. Abbot, 

Seoretary^ Smithsonian Institution. 


APPENDIX 7 

KEPORT ON THE NATIONAL ZOOLOGICAL PARK 

Sie: I have the honor to submit the following report on the opera¬ 
tions of the National Zoological Park for the fiscal year ended June 
30, 1943: 

The regular appropriation made by Congress was $261,510, all of 
which was expended. Legislation that became effective during the 
year provided for salary increase in certain classes and grades and for 
overtime payments for increased hours of work. This resulted in 
a considerable increase in cost for personal services, which, however, 
was largely offset by savings through delay in filling positions or 
failure to fill them, as well as by savings in .regular operating costs 
and special items. As a result, the deficiency amounted to only $7,690, 
which was supplied through the Urgent Deficiency Appropriation 
Act, 1943, 

Money was provided in the 1943 Appropriation Act for the construc¬ 
tion of an incinerator and for the purchase of two trucks, but priorities 
could not be obtained. Plans and specifications were completed for the 
incinerator, and the project wiU go forward as soon as funds and ma¬ 
terials are available. 

The primary function of the Zoo is to exhibit a wide variety of 
animal life in the best possible condition, and in order to accomplish 
this aim under wartime conditions it was necessary to curtail all phases 
of maintenance work about the Zoo that could be slighted without 
harm to the animals. In this way it has been possible to keep the 
Zoo going in a satisfactory manner in spite of the shortages of man¬ 
power, food, and materials incident to wartime. 

Because of the longer evenings due to the change to war time, the 
time of closing the Zoo buildings and gates has been delayed 1 hour, 
the opening hour remaining the same. It is believed that this length¬ 
ening of hours in the evening has materially contributed to the en¬ 
joyment of the Zoo by the public. 

PERSONNEL 

As in most other agencies, there has been a considerable pei^onnel 
turn-over at the Zoo, several employees having gone into agencies 
more directly concerned with the war and others having gone else- 
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■where or retired. In spite of efforts to fill vacancies, many positions 
have remained unfilled for some time. The abolition of the Satur¬ 
day half-holiday, liowever, has made it less difficult to maintain fairly 
adequate care of the 2 k) 0 , 


MAINTENANCE AND IMPBOVEMENTS 

No extensive improvements liave been attempted during the year. 
Activities have been confined to maintenance work, and because of 
the difficulty in obtaining critical materials this has frequently been 
of a temporary or makeshift nature. Many things that should be 
done have been postponed until circumstances are more propitious. 

NEEDS OP THE ZOO 

The needs of the Zoo remain the same as outlined in previous re¬ 
ports. On account of war conditions no request is being made for 
unusual expenditures at this time. 


VISITORS FOR THE YEAR 


The attendance for the year was; 


July- 2 .tO,000 

August- 204, 400 

September_ 202,800 

October__ 169,300 

November_ 186,800 

December_ 37, 600 

January- 70,950 


February- 108, COO 

March- 148,150 

April- 269,050 

May- 188,200 

June- 140,6B0 


Total- 1,974,600 


The sharp curtailment in driving occasioned by gasoline rationing, 
tire mileage restrictions, and the prohibition against pleasure driving 
brought about a drastic reduction in the number of visitors coming 
to the Zoo by automobile, but an increased number of "visitors walked 
or came by bus and streetcar. 

In previous years a census has been made each day of the cars parked 
in the Zoo at about 3 p. m., for the purpose of determining the propor¬ 
tional attendance by States, Territories, and foreign countries. Owing, 
however, to the almost total cessation of automobile traffic to the Zoo, 
the record from such a census would have been of no value during the 
past year. It may be pointed out that in the previous year District 
of Columbia cars comprised about 39 percent; Maryland, 22 percent; 
Virginia, 15 percent; Pennsylvania, 4 percent; the remaining 20 per¬ 
cent were from other States, Territories, and foreign countries. 

Prior to the curtailment of automobile and bus travel, numerous 
groups and classes came to the Zoo from a distance of several hundred 
miles. Of course these have been almost completely eliminated, and 
there has been a reduction in the number of gi’oups and classes from 
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Maf>lHnd| Virginia, and iho District, although tliia atteDdancig has 
hold up fairly wolL 

Many of the wartime residents m Washington who havo not previ¬ 
ously had an opportunity to visit a large am, now Laka thair rest 
and recrsfttion h\ tim Xat ional Zoo, The ease of reaching the Park 
and the fact that it is open every day practically from daylight in 
ikrk and without cost enable many people to obtain relaxation they 
could not otherwise enjoy* Scrvico mem and women constitute a sub¬ 
stantial proportion of llie visitora. It is pluin to be seen that many 
of the servit!6 people anticipating going overseas are endeavoring to 
learn something of the animal life that they might find in tiie region 
to whiclj tliey uiay be mnt lliers is also an increasing attendance by- 
sen’icemen recuperating from mjurios or sickness. 

Mcdiciil groups have come to the Zoo apeciftcally for the purpose of 
atiidjing certain types of animals and to receive instruction regarding 
snakes. Tho Zoo officials receive many requests from variuns ageiiciea 
of the Government including the War and Navy Departments for in¬ 
formation to a^ist them on biological problems. 

The Zoo continues to Ise a regular study ground for art and biology 
dosses, as weU as an important focal point for letters, tdephone calls, 
and queries n^giinling care nf animals, their behavior, and methods *o 
be followed in preventing or remedying injuries from onintab* 

AIRRAID PRECAt?TrOr«S 

Ah pointed out in the last report, it is unticipateil tluit in the event 
of nir raids the Zoo will be one of the safest places in the city* How¬ 
ever^ plans were mitdo find bnvo been kept up to date for meet¬ 
ing such contingencies as may urise in the event of air mids nr other 
emergencies. 

ACQUISITION OP PPElCTiCENS 

Specimens ai-e usually acquired by purchase, gift, deposit, esohange, 
natural reprcductioni or collecting espeditiona by members of the 
ZiHi ftlnff. Conditions have prevented travel by tho Zdd personnel 
for collecting spccimensi and the customary array of animals offeri^l 
for solu Ijy animal dealers bos been greatly reduci^ both m kinds and 
ntimber 5 ; therefore the importance of gifts and deposits is rahitivaly 
greater than Inifore. The i-iitum of members of the mimed forces 
from foreign lands has resulted in a gratifying number of gifts of 
small ammals that have been picked up by these per^ns aa pets or 
speciBcally for the Zoo, Wiicn Army and Navj' personnel evince an 
interest before going abroad in obtaining ispecimens for the Ztwj, efforts 
are maile to arrange for importation permits to facilitate entry of the 
animals into this country. Such permits am rtniuirecl by slaw which 
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rigidly excludes all animals except under permit in order that this 
country may be properly safeguarded against introduction of animals 
or disease pests that might become serious menaces. 

OIFTS 

Among the gifts to the Zoo. the following may be mentioned as 
particularly prized accessions: 

MaTnmude .—Two Bailey^s lynx from the Fish and Wildlife Service, 
through Louis H. Laney^ Albuquerque, N. Mex.; a white-tailed doe 
from Mrs. A. C. Henry, East Falls Church, Va.; two polar bear cubs 
from the Greenland Administration, through Henrik de Kauffman, 
Envoy Extraordinary and Minister Plenipotentiary for Denmark in 
Washington, and Tage Nielsen, manager of the Danish Consulate 
Greneral, Greenland Section, New York; a woolly monkey from Mrs. 
Jenny Shifflette, Washington, D. C- 
Birds .—A Leadbeater’s cockatoo from Judith K. Shearer, Orange, 
Va,; two mute swans from Mrs. Eleanor Patterson, Washington, 
D. C,; a peafowl from H. S. Rawdon, Bethesda, Md.; two Nepal 
kallege from Lowry Riggs, Rockville, Md.; a cheer pheasant from 
Charles Denley, Washington, D, C. 

The Hershey Estates Zoo presented 80 specimens. 

The full list of donors and their gifts follows: 

DONOIS Am> THEIR GirX0 

Clinton P. Anderson, Betnesda, Md.. red salamander. 

Miss Ann Bartlett. Washington. D. C.. worm snake. 

Dr. Fan! Bartech, Washington. D. C.. Gabon contire. 

Charles Beck. Fredericksbarg. Va., bald eagle. 

Dr. Edgar Beckley, Washington. D. C., snapping turtle. 

Mickey Bing. Washingtoa. D. C.. Pekin duck. 

Mrs. Raymond Bittinger, Efdgeley, W. Ta.. 2 rhesus monkeys. 

Miss M. Bitzmann, Washington. D. C., horned lizard. 

Morris M. Brown, Colonial Beach. Va., ring-billed gall 
Mrs. L. D. Baford, Washington. D. C., fence lizard. 

B. Harrison Carl. Cumberland, Md., alligator. 

Mrs. H. P. Clark. Washington, D. G., 5 guinea pigs. 

Mrs. H. G. Clark. Washington. D. C., sparrow hawk. 

Miss Arlene Cole, Route 2. Arlington. Ta„ Pekin duck. 

J. A. Connolly, Washington, B. C., black widow spider. 

L. E. Cronin, College Park, Md., through John N. Hamlet, Cooper's hawk. 

Mrs. Anna Davis, Baltimore, Md., common marmoset 
Charles Denley, Washington. D. C., cheer pheasant. 

Marguerite Dent and Patricia Swive, Washington, D. C., Pekin duck. 

Robey Dodson, Washington, D. C., South American gray fox. 

J. B. Earle, Arlington, Va., raccoon, 

Billy and Dick Eckert, Washington, D. C.. 2 white rabbits. 

Dr. J C. Eckhardt, Washington, D. C.. zebra flnch. 
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T. Ellery, Washln^OB, D. C., 4 sparrow liawka* 

Fish and Wildlife Serrice, through Louis H. Laney, Albuquerque, N. Mex., 
2 Bailey’s lynx. 

Miss Fisher, Washington, D. C*, orange-winged parrot 
P. Ford, Martinsville, Va,, albino raccoon. 

J, A. Fowler, Washington, D. C., 2 pilot snakes, black snake, 10 painted turtles, 
4 snapping turtles, 4 spotted turtles, 4 mud turtles, 4 Carolina box tortoises. 
Janet and Lynn Fulmer, Washington, D, C., 2 common rabbits. 

E. W. Gentz, College Park, Md., 4 flying squirrels. 

G. M. Gooch, Washington, D. C., red^talled hawk, 

Spencer Gordon, Washington, B, C., 2 angel fish. 

Mrs. Goy, Washington, D. C,, gray fox, 

Greenland Administration, through Henrik de Kauffman, Envoy Extraordinary 
and Minister Plenipotentiary for Denmark in Washington, and Tage Nielsen, 
manager of the Banish Consulate General, Greenland Section, New York, 
2 i)Olar bear cubs. 

Mrs. F. G. Guttenplan, Washington, D. C., alligator. 

E. H. Halbaeh, Washington, D. C., opossnuL 
Mrs. Haltsman (address unrecorded), common goat* 

Mrs. A, V. Hanson, Washington, D. C., yellow-naped parrot, 

Maury Hanson, Jr., Bethesda, Md., screech owl. 

Mrs. Haughawout, Colmar Manor, Md., barred owl. 

Mra S. T. Heilman, Washington, D. C., 2 guinea pigs. 

Mrs. A. C. Henry, East Falls Church, Va., Virginia deer. 

Hershey Estates Zoo, Hershey, Pa„ snowy owl, sea lion, prehensile-tailed por¬ 
cupine, 7 spotted turtles, 7 snapping turtles, 2 Cumberland terrapins, 10 box 
turtles, 10 wood turtles, 1 South American turtle, 2 hinge-back turtles, B 
western painted turtles, brown terrapin, American crocodile, 4 ball pythons, 
Curtis or blood python, 2 Surinam toads, 6 red-bellled newts, giant land snail, 
smooth-clawed frog, giant salamander, rainbow boa. Cook’s tree boa, Barbour’s 
map turtle, green tree snake, boa constrictor, 4 Gila monsters, 2 spiny-taUed 
iguanas, common Iguana, 2 Brnhmauy kites, douroucoulk 
Mrs. Hertsch, Cabin John, Md., Javan macaque. 

W. B. Hopper, Arlington, Va., 2 common rabbits. 

Mrs, G. T. Hugo, Mount Rainier, Md., yellow-naped parrot 
Donald Humphrey, Washington, D. C.. yellow chicken snake. 

J, K. Jacobson, Alexandria, Va., alligator, 

Walter Johnson, Washington, D. G., 2 toads. 

William A. Johnson, WashlogtOD, D. C., 2 zebra finches. 

Mrsv Victor Eayne, Washington, D, C., 3 horned lizards. 

James Kelly, Washington, D, G, common rabbit 
James King, Mount Rainier, Md., alligator. 

W, A. King. Brownsville, Tex„ 6 blue honeycreepers. 

King-Smith Studio School, Washington, D. C., opossum. 

Rear Admiral Emory S. Land, Washington, D. C., red-shouldered hawk, 

Otto Martin Locke, New Braunfels, Tex., 3 nine-banded armadillos, 105 homed 
lizards. 

Jane Lynch, Washington, D. C., 2 alligators. . 

Sergeant Lynch, Bolling Field, D. C,, nlne^bauded armadillo. 

X H. MacElhose, Washington, D. C., 12 black mollies, 3 guppies, 3 snails, 1 
catfish. 


566760—44 
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3JrfL 3ir. Tv. ^ffliClcnet, Tfikorwa Park, Md., opotssniiL 
Mrfl. GJadjs Moklar, Silver Spring; HA.. oEU^aJton 
Fraiikliii Mallory. Wmibi4i^tsiii+ D, CX, t cummua ii<ewL& 

J'aeoi) MmioOfe'iauH WashSn^tuu, 1>- CL, opvfjtfiun. 

Brlmi MjcDomtid, Arlingtou, VArp ePRared tartly dove. 

Tltamait ^IcVefiiyr WiialtlngtoD^ D. 0., yeHoW'liaaded fwnrot 
Wilson MeVeyp MaiyJuad ^tnta Falloy^ fwoty mnngal^eyk 
Mrs, Jolm MeEtalep WaahLngton^ I>. C;. 2 ^ikwberry flueheo, 

IT. Millerp Woitlilngtoii, D. C,^ 2 Cooper's havrks. 

Mfrhae! Miller^ Washlnj^ton* I>. C, Pekin duek 
Mrs- H. M. Mltebell, Woslilngton. I>. a, 2 Peklu datka. 
fttrg;. T. J, Moody* Le^urg^ Vii., r«tl fos. 

H- Ar Motw. WHaliluirton^ D. H, 2 ffulnea pljpL 
Mnf, J. C, Myera, dievy Ckiiiser Md., PiekEfi dlK-k. 

Sellor Dr. Don FrjiDcJ«Cfl CastUla Nrtieta, Mejleati A 4 sbD 3 »iaor^ WaihlTigtoii, 
D. C., enpufbin- 

Natlonnl Tnstftnte qrHenltliH Pethe^dap Md* woadtiuek 
John Nl^hf%las« Berwyn, Md-n rhostui mohlcey^ 

Mra. Si. P. Oliver* FaU^ Chun±p Vu., weepLng^ enpuehlEu 

Mrs, Klcanor Puttor^on^ Wnahingtcmp D. O., 2 mtito avrans. If EqalUird durka 
SenaLor CEandn Pep^wrp Wuehln^tan, D. d. alligator. 

Mra IL W. Pettigrew* Wo^lngronp D, d, wtilre rabbit 
Mrt. Polhnmus* Chevy Chaae, Md.p eomniOD rabbit 

Dr. Dana P. Pransmlii, Wa&hlfigtonp D, 0-, Into ehamelann, Boft-aheTled tnrrle, 
eomrann snapping nirtier pdlnted turU^, mud turtJo. 

Mns. A, Rncg^r* WasbtngtgOp D. O* wIilie-froatfMl parrot 
Wayne Randcli Wasbliigioit D. O.n 2 Centml America p bona, 

M. IS. liawduDp Belhisidn, Mitp peafawt 

Lowry Itlgga, ItoekvIllQ* Mri.* 2 Nepal koliego* 4 red Jungle fowl* 2 cheer phcaannt 
a white ring-necked pheasant 4 silvep pheasant Swlnhoe'a pheasant, 2 Jnpi*^ 
nwa lORR-tailed fowl, American biiick bairp alligator. 

Mrs, E. Ro^* Wafihlngien, D. Cm alli^tor. 

Mrg. V, H. Bobwer, ArlLuglon, Va., gross parwinet 
Mlsa D. Roinad, WasblngLoii* D. CL, 2 Fckln ddeks. 

Mrs. E, £L Rossellp WusblngtoDp D, C., dEHTaond-bnek lermpin. 

Mrs. Eu iSadler* Ouwy CThamip Md., 2 mnscovy ducki. 

MiM ThElinq SftIIe» Wushlngjan, D. C., Pekin robin. 

Jndith Bs Bhfyirer* Orange* Ta., Ijeadbeotcr'a eoduitoo. 

Mrs. Jenny Bhlfllette, Wosblngton, D; C,. woolly mookey. 

Z>anald O. Shook, I^altonal Coograpbie Sneloty, Wpstilngloti, D. C., caitperhrad 

E W. Sisks* WiisbI-ugCuit D. OL* alUgitori 

C. E. SmlUi. Arllni^Eun, Vn.* eominan marmoset^ U tl uionkgy. 

Mrs. Hnmor it Spence, WDBhlngtriD, D. Crp gniy csipurliln. 

Ei. Thomas; MfiLeanp Va.* Amf^rlean bittern, 

Robert ThDmpHon, Wasbington* D. C, great boroed nwi 
Dr. It Trtiltt Cnllege Pnrk, Md., pled hilled grebe. 

United States Coast Guard, Waablngton, D. 2 red fores. 

p. J, Werner, Jswtc Wnltnn Leagne* WaahlngttiD. D. C, mallard dnek. 

Mrs. W. H. Wetlnote, Wnahlngtoa* D, C, 2 Peklu ducks. 

T. ’Wblle, Norfulk, Va.* acroech owl. 

Mr*. H. Whltelow, WaahlngtoT), D. Cm ftllSgfllor, 

Mrs. J. H. Wilkins, Washlngtoji. B. C., canary. 

Mrsi R Tnhraws* Wnahlngion, D. C. gi™ parakeet. 
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Ttim WautLliietuOp D. C.p tlucib^f boU inpi^^x 

Mre^ G^-xtrod# Zcppcnleld^ Plttflbur^^ Fa., rlie^ 

C. B- ZimmErmziD, CJitsTy Clmau, Mcl^ cdiiatj^ 


NATCmAL ItETRODncnON 

Although the Zoo does not ba^o ideal conditions for animuls to 
raisci their young in captMtyi there is generally a fairly satisfactory 
increase from birtlis and hatchings. During the 3^ear lUl mammals 
were bom and 83 birds were hatdusd. Notewonhy mnoug the 
former waa a lilter of fire wooUess sheeps on unusually larp litter; 
unfortunately, none of the little ones lived, T'beru ware al^o birLba 
among the reptiles which, howeverj arc not recorded. 

The birllis and hatchings are listed below: 


muitAta 


AmirtOfrfJicrliA 

Cannon noma 

Artnijrtd __ _ 

^■i 

n.jfj ___ 

Ai\3 dcer^^_,_ __ 


flfhn* ^nurujc _ _ 

G aor ________ 


hXtM . ..._ 

Am^rirnn IpI^h 


POE frf^tTff _ _ _. .. 

UrltlBli Park fettle . 


f^rmCa TTTjfiM* 

Teirts red wolf.___ 


GepA afopAut Hiffcr _, _ 

Bla<ik duiker — 





Ifa" AT I* W V L %# *r**W^"# ■— —■ T » — — — —^ 

fddiDAOA 

dPflr 


b Hv Irl^ Ww-M M ■ , ■ mm ■ m ■ ■ — ^ mi ^ « 

GAoCTOprfj fJBcT^fmtg_ 

Pjf(5Tar hippupotomnfl_ 


^Sffnf^^^Iur . . _ _ . _ 

Two-toed elotli. __— 


fJyn&rjiffi }-ujfrt^>{o£aiiuJ: _ ^ 

Prairie doa^.. ^ _ 


Ijfifna ditlniO 

Follow deer___ 


W-h* vf" hTv !■!■■ ■ ■ ■ "T r ai ■ ■ — — — * — 

D^mn 4farna__ _ 

White fallow dwr 



Dcndrvlaffux 

_,_ 

Oflog_ .—- -- 

Ftiiv tiffriv _ _ __ _ _ 

IFemiira^M fcmluhfcuw ___ 

TTi^fia^Afahiy# ampsrJ^tuj^_ _ _ 

Ltjma _ 


Tnee toni^Tcw__^ 
Fiatai;QQlim cnTy— ^ 
JAguar. 

Bdifial _ 

TAhf—^ 

Hippo potamus, 

Uac 


Lamer pocot- 
ifaffUM mattruf^.- 

MfphiiU ni{rrfL - 

J/p^C(i4i/er 

Nodud flcrfcn__ 

JlTcofoiRa ^orfdffHcl — — _ _ 

Qrft iiHef^^_ 

^unnif^nn - 

Ptcudoit naptfttr,,. 

Eik^ jiJht—_—- -- 

JETifficmjj cwffrr_ 

TapitM trrrMfriM^ - 

|7roei/o» 


____ Alpncfl- 


Moor macaque-_ 

Simile..-— 

Cofpu^ 


OoaUaioiidi - --—— 

Florida w^od mt— ——— — 
WooUoiu aZie^p- 
Yok- 

Blae ali«p—.—- 
Sikn deer— - 
AfrEcua buitolo,^— 


AiDuricaja lapir--^- 

^nir fOT..—- 


mlrr 

I 

1 


1 

1 

a 

2 

1 

211 

2 

1 

1 

n 

1 

2 

t 

1 

] 

1 

G 

a 

2 

2 

f. 

s 

X 

1 

1 

1 

3 
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mus 


Anal platvrhVH^h^t _ __ __ _ _ 

Anas _ . _ _ _ _ 

Rramta eurtaEfiraaia.^- __ _ _ _ _ 

Brant a canad^nsii ____ 

Brunia canad&tiMi ___ 

Oofrfpia _____ _ 

Fiilica amerimna __ _ _ 

Galtut ___ _ 

Larti^ _ ____ 

nj^fT^faHia^ naeviii^-^__ 

Scrinuf cuiyziiu^ _ _ _ _ 


CcmmOA namtt lium^tr 

hfallord 53 

BSjiek dtick-^__ ___ ._ ^ 

Oqauda |j 

□ucklli 3 j]r goniio _,._ 4 

WJilte-ehw^ked V4 

iriiM>T>^ (lact__ __-__ 5 

Coot^____ _ ^ 7 

Bed Jun^ff fuwl ^ _ q 

Silver 1 

BlarfC'tiro'prDH ul^liL Jaero n_ 12 

CwJiflry_ I 


The moraoutstaiii^iriglj mtercsting and desirable unimala Uiat were 
deposited during tbo year were a Bpectaclcd bear, the first ever eiliih- 
ited in this Zcki, deposited by Louie Ruhe, Inc.; a heautiful West 
African guenon monkey, which wc have so far been unable to identify, 
deposited by H. Allender; a grtuit gray kangaroo deposited by IL 
B, Harris; n wallaby and a West African palm eivet depoaUed by 
II. Ln blmw'; a group of four yellow-handed tainarins and seven mar¬ 
mosets deposited by Miss Martha G. Hunter; a West African crowned 
hawk-eagle deposited by Louis Ruhe, Inc., and another specimen of 
the same species deposited by C. P. Haskins; an electric eel, Indian 
python, and several regal pytlions, including one unusually large 
specimen that weighs 320 pounds, all deposited by Clif Wilson. 


Among the more desirable animals received by exchange were two 
cape byraces obLained from the Philadelphia Zoo, five Dybowsky deer 
and one tahr goat. ’ 

FURCIEAfiEd 

TLi^ Tnora ontstunding animDils obtiiiit&Ll by purchase included a 
pair of wootlesa domest ic or Barbados sheep which are natives of West 
Africa; a laughing falcon; and a pair of kii|iBpringers, a ramarknblo 
little ant«lope from southern and eastern Africa. 

TJie Hershey Estates Zoo at Hcrahey, Pa., which dapended for its 
attendance on people coming by automobile, sufTered such a sharp 
c^ailment in numljur of visitota that tlie manogoment decided to 
of most of its stock, which permitted us to obtain from ihot 
organisation a number of intereating and dcsirabJe odditiona. 
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REMOVALS 

Reductions in the collection are due to deaths, return of anunals 
on deposit, and exchanges. During the year the more noteworthy 
losses by death were: 

AHlax -West African water civet. 


Vamelus b(ictria7iu9^ _ 

Cepkalophus nicfrifrons^, ____ 

Choeropsis Uberiensis _ 

Erpihrocebus patas ______ 

Felia ____ 

Hippopotamus amphibius ___ 

Hpstri^ galea ta ___ 

Macaca silenus ______ 

MandriUus leucophaeu^ __ 

Muntiaou^ sinensis _ 

Nycticebus coucang^- ____ 


Pongo ahelii _ 

Pseudois nayaur^ ___ 

Tragulus javanicus _ 

Ursus thibeianus _ 


Arabian camel, * 

Black-fronted duiker. 

Pygmy hippopotamus. 

Patas monkey. 

Bengal tiger (male). 

Baby hlppopotamos, 

African porcupine that had been in the 
collection since October 1920, 
Wanderoo monkey. 

Drill baboon, In the collection since 
1916. 

Chinese barking deer, In the coTIec- 
tlOD since 1934, 

Slow lorlg, received in 1937 from 
Smithsonian Institution-National (Geo¬ 
graphic Society Ezx>^ditloD, 

Sumatran orangutan (“Susie”), 

Bine sheep, 

Javan mouse deer, In the collection 
since 1937. 

Himalayan bear. 


Kakatoe ienuirosiris _ 

Sagittarius serpentarius^ 
Stephanoaetus coronafus. 
Struthio camelus _ 


VuXtur grvpkus^ 


TesUido -pfeftitt. 


EXectrophorus eJectricus. 


BTmB 

—Slender-billed cockatoo. 

- Secretary bird. 

_ Crowned hawk-eagle. 

- Ostrich, received October 16,1921, from 

U, S, Poultry Experiment Station, 
Bureau of Animal Industry, Glendale, 
Ariz. 

— South American condor, 

BEPHLEg 

- Galdpagos tortoise, 

FISHES 

_ Electric eeL 


SPECIES NEW TO THE HISTORY OF THE COU^CTION 

Despite the few animals purchased and the factors militating against 
obtaining outstanding additions, the Zoo was fortunate enough to 
obtain six species never before in the collection* These were a spec- 
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t^^kd bear (Trcfii4iTctojt which inlmbztH an indefinitely 

outlined range in the northern Andes and is very rare in captivity ; a 
pair of klip^prmgera {Orealn^v^ n beautiful little cliff- 

inhabiting antelope that crigmally ranged from southern Africa to 
Abvf^nia^ five Dybowisky deer (.SUi:a hort/ul^irtmi] ^ which inhabit 
IfaTichiiria; one laughing falcon (ncrpetoth^€« c<xchinmm)^ a beau¬ 
tifully marked falcon of medium htze tbal. inhabits the forested parts 
of tropical Ame rica from Mexico to northern Atgcntma; two quetzals 
(Ph4trotn^ckrti9 ^ the sLatia binl of Ouatemalai which inhabits 

the higher mountains from Guatemala to Panama; and a white 
starling (Omculipica mel^amtpteni)^ which inhabits Java and is rare 
in captivity. 
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EcspcctfuU j submitted. 

W. M. MiLN^% Director, 

Db, C. G. Abdc/t, 

Sccrctarjft Smiiheonktn Institution. 























































APPENDIX 8 

REPORT ON THE ASTEOPHYSICAL OBSERVATORY 

Sir; I have the honor to submit the following report on the activ¬ 
ities of the Astrophysical Observatoryj including the Division of 
Astrophysical Research and the Division of Radiation and Organisms, 
for the fiscal year ended June 30,1043; 

DIVISION OF ASTROPHYSICAL RESEARCH 

Tlie study of the solar-constant values published in March 1942 
as table 24, volume 6 of the Annals of the Observatory, confirmed the 
discovery that the variation of the sun’s output, seemingly irregular, 
is really made up of numerous regular periodicities, all being closely 
aliquot parts of 273 months. By combining their influences a pre¬ 
diction was made of the march of solar variation from 1939 through 
tlie year 1945. This appears in figure 14 of volume 6 of the Annals. 

In this way it was shown that the years 1940 to 1947 would probably 
be the most interesting and important years to study the sun’s varia¬ 
tion since the early twenties. As the Smithsonian Astrophysical 
Observatory is the only agency in the world which follows the varia¬ 
tion of the sun’s output of radiation, it therefore seemed of extreme 
importance to keep the record unbroken tlirough these critical years. 
Hence, despite demands of the war manpower situation, every avail¬ 
able means has been used to keep the three field observatories at Mon¬ 
tezuma, Chile, Table Mountain, Calit, and Tyrone, N. Mex,, in opera¬ 
tion. Thus far these efforts have been successful, notwithstanding 
the loss of three experienced observers from a total field staff of six. 

Considerable progress has been made at Washington in the study 
of short-interval changes of the solar radiation in their relation to 
weather. As first shown in Smithsonian publications Nos. 3392 and 
3397 in the year 1936, the sun’s ^ort-interval variations, though aver¬ 
aging only 0.7 percent, are important elements, even governing ele¬ 
ments, in weather. The weather effects of individual solar changes 
are found to last at least 2 weeks. These studies of the year 1936 have 
been repeated this year employing the improved and enlarged '‘solar 
constant” data published as table 24, volume 6 of our Annals, The 
new results are even more convincing than the provisional ones just 
referred to. They have been extended to deal with the weather of 
several cities in different parts of the world, for both temperature 
and barometric pressure. It is expected to publish soon on this 
subject. 

At Washington two computers have continued reductions of solar- 
constant observations, but have not, of course, been able to keep up 
to date with the results, inasmuch as these computers were also called 
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on frequently for work relating to war problems assigned by the 
Army and the Navy, or requested by outside agencies engaged in war 
work. It is hoped that with the return to Washington of Mr. Hoover, 
who has been carrying on measures at Tyrone Observatory for 2 years, 
the solar-constant computations can be pushed along more rapidly 
so as to disclose the remarkable changes of solar radiation expected 
for the years 1940 onward, as referred to above. 

Most of the time of Messrs. Abbot, Aldrich, and Kramer has been 
devoted to problems assigned by the war services on which no report 
can be made at this time. 

Personnel.—Mr. and Mrs. A. F. Moore completed their term of 
service at Montezuma. Mr. F. A. Greeley succeeded Mr. Moore in 
June 1943 as field director there with Mrs. F. A. Greeley as his as¬ 
sistant. Mr. Stanley C. Warner continued as field director at Table 
Mountain with Mr. Kenneth G. Bower as assistant. Mr. W. H. Hoo¬ 
ver acted as field director at Tyrone Observatory. Mr. Alfred G. 
Froiland, bolometric assistant there, was inducted into the army in 
June 1943, after which Mr. Hoover carried on alone. Mr. Moore wUJ 
take over at Tyrone, and Mr. Hoover will return to Washington. No 
changes in personnel occurred at Washington. 

DIVISION OF RADIATION AND ORGANISMS 
(Report prepared by Dr. Bari S. Johnston, Assistant Director) 

The regular research program of the Division was discontinued 
early in August. Since that date practically the entire time of the 
members of the Division has been directed toward solving problems 
relative to the Nation’s war activities. By far the largest percentage 
of this work has dealt with problems submitted by the Naval Re¬ 
search Laboratory. Because of the nature of some of this work, it 
is obvious that a detailed report cannot be submitted at this timp 
The personnel and laboratory equipment of the Division was such 
that adaptation to this new work in physics, chemistry, and biology 
was very readily made. However, the eflSciency of the Division as a 
unit has been decreased somewhat through loss of personnel. 

At the request of the Annual Review of Biochemistry, a review ar¬ 
ticle on photosynthesis was prepared last summer by Dr. Johnston of 
the Division and Dr. Jack E. Myers of the University of Texas. This 
paper has now been published in volume 12 of the Review. 

Personnel.-On August 1, Mrs. Phyllis W. Prescott,' the junior 
clerk-stenographer for the Division, was transferred to the admin¬ 
istrative office as assistant clerk-stenographer. 

Respectfully submitted. 

C. G. Abbot, Director. 

iHB Secretabt, 

Swdthionia'n, Institution. 



APPENDIX 9 

REPORT OX THE LIBRARY 

Sm: I hnvfi the honor to submit the foUotring report on tlie activi’ 
ties of the. Bmithsoman library for fJie fistiwl year ended Juno 30,1943: 

InteusiiScation of die war effort, so crident dirougliout the whole 
Institution, has been both reffccted its, and shared by, the library dur¬ 
ing the dilBcult year just past. 

The library has been eourmtited by two major respcaisibiHtiefl that 
have motivated its work: How best to adjust ijolicies and adopt pro¬ 
cedures to wartime changes and demands, and how to maintain, hs far 
as possible, the basic continuity of die collections. 

Urgent as is the first of these, experience during and following the 
First World War baa shown ihat. the second cannot be neglected with¬ 
out serious weakening of the library’s service to the lnstitution. In 
wartime, nonnal growth is inevitably diminished, and a certain amount 
of change of emphasis in acquiring niateria] is necessary and even de- 
sirabte, but the responsibility that the library has for implementing 
the deep-rooted and continuing work of a scientific Inatitution cannot 
be overlooked oven in on emergency of the present heroic proportions, 

WAIt WORK 

Never before in the history of the library have its collectiona and Ite 
staff been called upon tu give aid in so mimy different kinds of re¬ 
search, virtually all of which were enneented in some way with the 
war effort Regular use of the library by the seicntific staff of the 
Institution has been almost entirely in connection with the war, and 
more than 35 of the war agencies have made many direct inquiries, 
have borrowed more dian 500 books, and have sent research workers, 
some of them for extended periods of time, to use tlie collectionii!. 
Indirectly too, through the use of the libraty by the staff of the Ethno- 
geographic Board, still other of ths war agencies have been repre¬ 
sented. Rich in certain kinds of geographical and rdated material, 
and in etiinological works, the branch libraries of the National Mufieum 
aud the Bureau of American Eihiiulngy especially, have been con¬ 
stantly visited and colled upon by war workers, 

It bos been most gratifying to find that the Institution has not in¬ 
frequently been able to supply data of ur^nt importance that could 
not be found elsewhere. 
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The index ol foreijjn gcogrephicfil iUiistraf ioiiB begun last year w 
a eiJecial war fsecrice and originally [>laimcd to cover only the publi¬ 
cations of the Institution ikelf vraa later enlarged, at the requeet nf 
the Smithwoiiiaii T^"ar Committee, to include files of fleeted journals 
on special subjects containing incidental geograpliical illustrations 
likely to be overlcioked in any routine pcai’ch for pictures. The «elec* 
tion of these journals was maileby the scientific sl afF of tho Institution 
and the indexing ivaa done in their offio-ea, the library serving as the 
coordinator and koei>er of the file, which now cuntains more than 
12,000 ontriea. 

As another aid to the wur ageneles in making use of the library, 
the librarian prepared a brief account of ili* resourtta, mimeographed 
copies of which were distributed to bey personnel in Wiiehington and 
elsewhere by the Ethnogcographic Board, 

The cordial responsB of the whole Institution to the library's plea 
for boiilvH ill the Nation-wide Yictory book drive for ineii and women 
in the armed servicesj is worlhy of record. More than 500 fine clean 
copifte of highly readable contemporair books were conljibutcd. 

It may be of-int erest l.o iioh^ here tJie transfer to the Liibmry of 
Congress of an uncataloged collection of miacellancous war pamphlets 
ticcumulated hy the lilirary during the Elrst World War. Tliis col¬ 
lection, numbering some 3,000 pieces, largely the po-callcd ephenicra 
of the period, I bough vnluahle ks hiEloriral source material, had no 
direct bearing on the scientific work of the Institution. 

AOfiesaioNH 

Ecceipt of foreign publications dropped somewhat, but. not nearly 
so fdiurply as during the preceding year, after shlpmenti^ from enemy 
and occupind countries ceased. Through the International Exchange 
Service, 356 packnges, or only 70 fewnr ihan Inal yi'ar, were dulivered. 
Even thiB decline was more apparent than real, for a good many 
foreign serials came directly by mail. Fortunately there have been 
compamtively few actual losses, and not many prolonged delays in 
the arriral of the most, important of those scientific serials fbnt nrn still 
being pnblsHhcd in the allied and neutral countries, though somo of 
the foreign institutions and societies are postponing sliipment of their 
puhlicutions until after the war. Tlia ttminlcnance of both the quan¬ 
tity and quality of scientific publicatioii at a high level among our 
war-tom aUicH abroad Is worthy of remark. 

The publication and receipt of domestic scientific serials continued 
to he practically normal. 

In the Museum library an accession of special importance was a 
selection of Ssd boohs and 2,300 utipiirntot iind pamphlers, mostly on 
the subject of reptiles, from the library of the late Dr, Ijsnnhard 
Stejneger. 
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Bcocired in til's ^tlonul tibmry of dis division of fisbee^ hy Inuis- 
f&r frnxn Uifi Futli and Wildlife Servif^e of tbs DepM^tmetit of the 
Interior, was the large col lection of niiinujeript recoil of the dredg¬ 
ing and hyrirograpide stations of the D, S, F- 8- S. Albi^trosB and 
other fisheries vessels. 

By regular and special exehange, and by pcirdiaKe, considei^fale 
progress has been made in filling gapy in the serial sets, some of 
them of long standing, and in strengthening certain collections on 
special subjects, for example, the publirficil i^ults of seientifie sur¬ 
veys and travels, Tln^ mijiijrtance of such materia!, alwaya appai*ent, 
especially iii eonneetion with the work of lb a curators in the Museum, 
has been doubly emphaaizecl by tlie ioereased wartime demand for it 
both wUiiin and from outside the Institution. 

One of the larger s^iecial exchanges of duplicates, with the Marine 
Biological IjalKimtory at Woods Hole, yielded a good many parts 
of periodicals needed in the Museuru library, while from CfHjper 
Union came 35 publications on art for the National CoIlHOlion of Fine 
Arts library. 

Among pure bases, ‘wartime deviations from the normal have been 
fhe unusually large number of requests for atlases, descriptive g^g- 
raphics, and foreign-liuiguage dictionaries. 

onrTS 

There have !>cen a number of especially notable gifts during tha 
year. One that is invaluable in itself, and noteworthy »a well for 
being the library's first considerable accession of microfilmed moterial, 
was the very generous gift of the Linuean Society of lamdnn of the 
records of ita Lin neon collections and manuscripts, the copying of 
which wiLH made possible by u grunt to the society from ihe Car¬ 
negie Corporation. Tins m one of two seta depoait^d in American 
libraries, the Ariiold Arboretum of Harvard University having 
ceived the other. We are much indebted to Dr. Elmer D. Merrill, 
ihts administrator of botanical collectious there, for his good office^ 
in arranging the whelc matter. All the actual ^pectmena in the 
Llnneau herbarium are said to be covered in tlie 60,000 exposures of 
the set, fts well as reecu’tls of tlie mulluake, fishes, and inHcets, of vari- 
oue tnanuseripts, and those of Linneaus^ own publications to which 
he had added corrections luid emendations. 

To accompany the very fine colle<^tion of armsaiitl armor given by 
1dm to the Museum, Ealph G, Packard presented also his collection of 
350 books on the subject, many of them rare and beautiful volumes. 

Tlie Bectioifcol library of the division of mariuei inv ertobrates receiv^ 
another special collection of groat usefulness in connection witli speci¬ 
mens previunnly received from the donor, by the bequest of the late 
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Dr. Frank Smith of lA^ working library of oligodiacte literature^ 
1,103 piflioes in all. 

A unique gift to the sectional library of the divi^on of minerals was 
» five-volume t»t of photomirrograpJis of Jueteorio irollB preispiited by 
Dr. Stuart H. Parry. 

As always, the Secretary, the Afisistaiit Se^iretary, and many other 
meinbers of the Smithsonian ^taff made goncroua contribution:^ of 
books and papers. Ffum the American Aaeixuation for the Advance¬ 
ment of Sdenee camu 578 publications. Among other donors were 
the American AssHxuatinn of l^Iileeiims, the AmerkaTi Cummittee for 
International Wild Life Protection, the American Wildlife Institute, 
Barton A* Bean, Mrs* Artliur S. Blum, Hon* Usher L Burdick, the 
Detroit Ncavs, Haydn T. Giles, Daniel C- Haskell, d. Cramer Hudson, 
the Intemational Association of Printing House Cniftsmen, Jlrg, Vera 
F* Lewis, Fritz Lugt^ Dr. John P. l^Iarbk, Dr. Salvador Massip, Dr. 
Bilej D. Moore, Olaf Nyla nder, Wp J. Orchartl, Hon, Chase S. Osborn 
and Aliss Stella Brunt the Pan Amcricun Union, tlia PenneyL 

vania Academy of Fine ArtSj tlie Philudelphia College of Pharmacy 
and Science^ Dr, E. Porsild, Dr. L. A. White. 

CATALOOtim 

Cataloging of the regular inflow of current aoocesions was eicrep- 
don ally well kept up under the handicap of the und erst ailing of tlie 
catalog divisdon, hut there was no time that could be devoted either 
to the older material ao badly in nt^d of attention, or even to soma 
of the larger recent gifts of Kpecial collecdoiiB. There are at least 
15,(KX) uncataloged volumes in special collections scattered ih rough out 
the InsEitutioni while in the Museum library many more thousands 
of ToIiimeJ? have never been cataloged by suh|ecl and are represented 
in the catalog only by antiquated autW cards. The diliiculty, or 
actual loss of use of mudi Important rjiiLterml by tliis lack of adequate 
cataloging ia a serious matter, and one tlrat should receive ilral cun- 
ddemtion in post-war pliitming of the library's work^ 

r£lLS02^NEL 

Changes in personnel wens the retirement for disability of Mise 
Marian Sevilla, senior library a3sid4iut, on August 31s 1&42, after 
many years of faithful ^rvice* the appointmeDt of Aflcina OiU 
os assistant Ill:»rarian in charge of the catalog, on Septemljer 2,1042; 
tlie appointment of Mm. Daisy F. Bis^ihup as under library asaiKtant on 
February 17, Ifrl3, and the resignation of Miss Afarion Blair, junior 
clerk-typist, ofi April 21, 1043. Since January 21,194S, W. B* Green- 
wtHKl has been absent from the library of the Bureau of American 
Ethnology on military duty* 
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Tilery uerfl a number of pnjrnntifJiiB siid reassif^ment^ to duties 
among the Miss Anna Moore Link was given charge ut the 

National Col lection of Fine Arts library and Miss ElizabetJi G. MosO’ 
Icy was promoted to Miss Uink^s former position in dmrge of the 
serial collections in the Mnseiun library; Mrs* Hope H+ Simmons was 
promoted to be assistant librarian in dtarga of aa'f^ons and M\^ 
jfanorie E. Kiinze was promoted to be diief assistant in die acec^ons 
division. 

The loss of one position and the time lag in dlUng other raoanaes 
liava Wn serious obstacles in the way of keeping work iip to date* Hie 
due spirit of the whole stolf in meeting emergendea^ in taking on extra 
work, and in accepting temporary fisaignments to new or imaccustomed 
duties is much to be commended, 
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APPENDIX 10 

KEPORT ON PUBLICATIONS 


SiH; T have the honor to submit tlie following report on the publica¬ 
tions of the SiJiithsonian Institution and tlm Government bFonebes 
under its administrative charge during the year ended June SO, 1U43; 

The Inslilutioii published during the yea-r 13 papers in the Smith¬ 
sonian MiKellaniKuis Odlections, and title page and table of contents 
of Totuiiies 101 and 103; 10 papers in the War Background Studies 
Series; 1 Annual Report of the Board of Regents and pamphlet copies 
of 28 articles in the Report appendix, and 1 Annual Report nf the 
Secretary; 2 special pulilTcntiims, and reprints of 2 volnmes of Die 
Smithson jail’s series of tables. 

The United States National Mu^um issued 1 Annual Report; 2S 
pr^edings papers; 3 Bulletins; 1 eeparate paper in tlie Bulletin 
seriea of CotitribuilnnE from the Unitct] States NatiouaJ Herbarium. 

The Bureau of American Ethnology issued 1 Annual Kei>ort and 3 
Bulletins. 

Of the publications there were distributed 194,057 copies, which 
included 21 volumes and separates of the Smithsonian Contrihutions 
to Knowledge, 37,782 volumes and separates of the Smithsonian hfis- 
cellaneous Collections, SLOae volumes and separates of the Smith- 
Gonian Annual RefsirLa, 00,4fi4 War Background Studies paiwre, 
2,529 SmitliBonitm speeiai publications, 55,031 volumes and separntas 
of National Museum puhlicntions, 10,T{)3 publications of tlie Bureau 
of American Ethnoiogy, 28 repftrts on the Han imau Alusta Eipedi- 
tion, 36 Annuls of the Astrophysica] Ohservatoiy, and 1,810 reports 
of the American Historical A^ociation. 

SMITHSO.MAN MI5?CEIJL\i<EOtJl3 COUlBCTIOXa 

Tiiere ware issued 2 pap^ and title page and table of contente of 
volume 101,1 paper comprising volume 102, 10 papers and title page 
and (able of contents of volume 103, as follows: 

VOOUMZ 101 

No. le. The roow and ice njgue of Alaaku, liy Crzsebet KoI, 5$ nix. a nia. fi 
IJ®*. fPubL WSa^) Septetutwr ID. 1342. 

Ifo. IB. A new spedta of mnd bn®, itotttci. from Arflcnilan. by 

Waldo L. Sehlilttt. 10 pp., 1 pL (PubL 36Sr.) August la 1342, 

Title page and table of caatentH. (Publ. 3085,) October 27. 1(H2. 
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VOLUME TDK 

C^jujKmd^iiEn and dwrfprti>n of rbe West Indite, bj? Antonio Yds^Qi]^ do 
Esplnf^i translntod bj Chnrles iTpfion Clark. 802 pp. (PubL ) ScplemljcF 
L 

TOLUkra 103 

No. 1. DMrlbuUoii nnd vurlutlon. ol the OiiwnlJoji treo snull AcAaf£iii:(Tfl 
cjpt'Tfofra Dixon In tJiu Koulau RjingOp Oalbii, bj d'AllA A. Wdob. pp.p 

pls.p B fljp. (FubL Deccfnbiir 1^ 

Na. 2. Tbo flkpioto^nmnrnlar mnchnnif^irij of tbo lionej bep, "by 71- ^ 

120 pp., 32 (Fnbl. 3S5S.) ^eptembot ZfK IfrtS. 

No. 3^ A rorlflton ol tbe lndo<?hiitese forms of the qtIeid ect^inB Fn'nio, bj BL Oh 
Deigtum. Jl2 pi>. (PubL 3082. > Si^ptemhifi;' 1,1242. 

Ko. 4- .ArcJ^4;ioluglciil uiod tP^locliail Inrinflli^ntiobS in Lbo S^n Joci Dktri^U 
easterii Ntw MexEtxi, by Fnink H. II. Roberts, Jr. Bd pp,, 2 pis., 3 ilgid. (FubL 
BWi.) October 12. 1042. 

No, 5. Naw Uppor Catnbrinn trilobltfis, by Chnrle^tf D. Tleflfflr. ImT® pp.^ 21 pla. 
fPnbL 2fl03L> October 2t 1 ^ 2 . 

No. ft Oil the prepn ration and pT^sotvatlou of inseots^ with iiartSeulsr refers 
enoA to Colcoptera, by J. Jlauson VotoiUnc, 1® pp.. & figs, (PuhL 3020.) 
November 21, lB4i'. 

No, 7, llie miUKiiJsiDre ol Lbo Inbrum, Inblum^ itnd pharyngvtil rvglou of uiloil 
and iJuttiiiture Doleoptcriip by Kcater Dorsey. 42 pp.p 24 pli. (PnbL 3007.) 
Juniiox^' 20; 1IM3. 

No. H. The 1014 tests of tbn ^'Aaradroinei^ hj Cl D. AbboL S ppi., 1 dg. 

U^nbL SflflS.) Oernber 24,1012, 

Na 0 ^fystftOocarLdnp n oevv order of Cmstneea from IntertldAl beaehes In 
MaesneLuiH^tis and Connecticut^ by Robert W. PcmniOc tind Donald J. ^Inii, XI pp., 
2 iPubL 8704.) Pebmury 28, 1048. 

No. lOl A remurkuble reren^sl In the distribution of Bturm frequeuiy Ln tJie 
UnltiaL l^tatFs In dnnbln HuId solar cjolesj of Intense In toug^mngD foreosFtlEigT 
by C. J. Kutlmcp, 20 pp-p 10 lleft.i XO fifonn-frefiuency year n3iit«. (PabL 8720.) 
April B. lOia 

Title page and table of cuntenis. (Publ. 8731.) June 0,10i3L 

Aflclitioiuil copi^ of the folloi^iiig volumo were prints; 

yulume eq 

Smlthsotiinn Mcteotolnglcnl Tabled. Filth BcTlsecI £)ditlaa+ FInt IteprlnL 
iixxvi+2S2 pp. (pdbj. aixaj 

WAR DACKti ROUND STUDlHiS 

In the now scries of Smitbsonmn pubUentionaj War Background 
Studied, Nra, 3-“12j inclusive^ )vere issniHl during the ycar^ In order 
to list all the papers in this series, Nos. 1 and 2 are induded,. altliongh 
thi'y iverc issued toward the end of the pruviouH fiscal year. Nos. 
IB—IQ are also Ilstedi although they had not actually been issued at 
the elo^ of the year. 

Ka 1, Orlglti of the Fnt Eastern clvntjsrttlariflt A brief honcIbooLp by Curl 
WblLiug BEsbopi 03 ppi.^ lit plo-f 2l Oga (Fuhl. Jena lOp 1M2, 
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KQh ^ Hie cTclgtioD of oatloaifi, by JoJid R. Swqutom ^ pp. (FqbL 

iufio 2i, 10^12, 

^'u^ Hju pwplm of Lbe &>Tlel UliliiHr bj AL^ HnlllCko. 20 ppi (Pilbi S=6W.} 
JnJ^ 

No. 4. PeoplEfl of thp. Flilllpplncs^ hj Hf^rtH-zt W. Krloi^i^r. && p|Lp 24 pL&, 4 
(Pobl fIflJM.) NoTembPT n. 1^3, 

No. 5. The nattiriil-hlstory Inidf^roimH of eawotJlLiffe, by H^^rbPirt Frledmojin. 
17pp.,l^iA^ {B^jbimo } DLM^tmber XI, 

Ko. Sl Pclyoeslftiia—vf tbe X^ucUlc; by EL WecMcr^ JFp TT pp , 
20 pLe.. 2 llpi. (PubL stroll Juntiiiry 104^ 

No. T. Tbo JiipjinEd^, by Joliu F. Embreu, 42 ppi, 16 pbLp 3 flpf. (Ptibl. 3702.) 
jAOtliirj 2^ 1M3L 

No. i. —lAnd of ftw ine^np by IL G. Dolpmn. pp., fl pls.^ 1 {Publ. 

area.) Ecbrofti'y 5, IWa 

No, 0. Hio o^lCi¥o people* of New Gdlnoa^ by Mh W. Stlrlitig, 2{! pp., 29 pi&,* 
llilf. (FubLBTJtf l Eebraarj If, 11143. 

No. 10. PobKiuciiu tvplLlen of tlie wurld: A wfLriLm^ bdOcUKPOk, by Dotbi M. 
Uodimo. ST pp.p IT p]:i., 2 Sf^ (Fubl. S72T.> M£trCb 1% lO^SL 

No. 11. Egypt iinei Lbo Soez Cunuk by Fmok £L IL ltabi]ft», Jr. 63 pp.^ 26 pls.r 

1 (FubL 3T2B.) Mnri!]! 31,1013. 

No. 12. Aro WAm lEkevLt/ibloT by Johii XL ^wjintozL 33 pp. (Fnbl. 373011 
liny 11,1943 

{Xisuofl iifiei- tbu uf Lbt; UsoiU yearl 

No. 13, ATasbft: Atnflr[ca*ii contlnMitHl fronflor ontpcs^i by Btueei^ F. Wfliken 
G7 pp^. 21 plj^.p 2 flgji. fPiibLSm) .Toly a 1643 

No. XL Ifilimdo nod peoples! of tbe Indies, by Boymoiul Keiotedy. 66 pp, 
31 pij^, T il^. {FubL 3734.) Aiu^t G, 

No. IS. IwIuuU uiLil CSreorilnoiJ, by Aioftiii IL Clurk. 103 piLp 21 pbL, 2 flga. 
(FobL 3735.) Au£UBt lU, 1043. 

No. 16, iHlnnd pi^plis of Ibo FucISc; Mlorono^U ooil ^lelotiefilEip by 

Herbert W. Krlegor. 104 ppi, 21 pin.. 2 flgiL (Publ. mi.) September 15, 1243. 

SillTHSONlAN ANNUAL BEPOETS 

/Report fcT JP^/.—The complete Tolume of the Annual Report of 
the Board of Regents for 1241 waa n^ived from the PubUe Printei' 
in September 1242. 

Anouai Report of the noarcl of IW^entg o£, tbe SmiEiitttpnIun InHlltuUoci sbow- 
Enf tJie operiiLiooSt expendit tares, and condllloii of tht nmUlatlDD for tlie year 
emied June 30, n>tl iill+506 pp., 121 pin., IT flfiL (E^bl. 3601.) 

The generul ^p|>eini1jx contained the following papci*: 

waiiit lias betvean tbaiitnrq? by Walter S. AdamA 

ArtlflrlflE cnovei-mrR of onlfir eiif^r^iy* by H. C. UotieL 

Tbo new froiirlers to the atom, by Erae»t O, Lawremnv: 
SeleareAbnpingAmerEeaa cull Lire, by Aflbur H, ConipLaa. 

Mathematlea and Uie sclem.w, by J. W. Liuik^y, Jr. 

Tlic rfde of oclcace In tlie eleilrlral Induslry, by ^^. W. Smith. 

Thp new syaUiutk lezUlu Otaera, by liorbert £1. ^laiietAbcrger^ 

Play ties, by GonJon ^[. Kllnn. 

Vltunilius und tbalr occurrencQ tn fnnds, by ITd^ E. ktuiiBelJ. 

SL-lence und bunukti p^rtspeffK^ by Eliot BlnekwcJdiir. 

Icolandp liinrt of frost and fife, by Vlgfua EluamfuiL 
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genis and tba bopc c>£ flmnkln d, br BrtiK 

Cdre of CApLlve aDlmaly, EriKrst Wallter. 

Tbe of Insects ou ihv Jcirfslcp^ruimt *£ forest iiroteettoii nncl forest 

miinegcm^ntt hy Fp C- Cmlifbeud. 

Growth hormnnM In plunH by Kcimeth Y- TMlttlltni^ 

Usoftil alguep bj Flop^nct Meier 

The exoii'iitloiis of SoJornon^ seaih^rt: E^lDa-seberp bj Xetsion Glueelu 

Dedi?hvriiient of tho MnfinlHtlij portion of Uic Muya liier'oglji'pbSp by Ben¬ 
jamin Lee Wliorf. 

Cootacte betw'een Iroquois terbullifni tmd colonLul medlcLnCt by WnUam 

N. Fenfoji* 

Tljo study of mdlnn mnsie» by Frances Deasmore. 

Snnkw bices 110(1 the Hope Snjike DjiucKp by M, W. Stltrling. 

Tlie Eskimo cblldi by AleS HfUU^lka. 

Wings for crflusporLutlDU CEweot (leretopnwnrs In air transiiortslJon 
nqulpiiiicnt)« by Theodura F. Wrlj^bi, 

Sf-port for ii>-f£.~-The Kepurt of the Socrctiuy, which iucludcd th® 
hniinoial report of tin* executive committee of tlie Bodrd of Kegeots, 
and which will form part of tlic Antimd Keport of the Board of Ke- 
gents to Congress, was issued in Janunrj 

Report ot the Secivtary ckT the tjinltlusontim Tnstinitlon and aaniicial report ol 
the OKecutlre rammlttee ut the lUMtnl of Rogeuta tor Che yeur euOed Jiiue GO^ 
IMS. lli+112ppt 2pis. (Piibh3G®S.> 

The Report volume, cuJitaimng the gememl appendix, wua in press 
at the dose of tlie year': 

STECIAL. i'UBUCATIONS 

Rod£S frt™ Itie Iroqaol* Loo^houae: Progruni ufttes for aa album of Amerlcaa 
lutllau roiMic from the esialerD wwjdtutids (tssued by the Uhnirr of Cousreai), 
by William K. Peatom 34 pp., & pli. (Ptibl. WBl.) September 11,1042. 

The Inatltullou and the United Suites ^iulloiul Aliesviim welcoiue 

Uie meiubcra of onr arDtCil foreea. 4 pp. April 1043. 

The following siJedal publication wus reprinted: 

Sinlthsonlan Matbeiuatlcal Tablca—hjperlKjtlc fuectlons, prepared by GeorEs 
t'. Becker ana C, E. Von OratTflnd. Fifth reprluL lU+321 pp. (PoM, t«TL) 
August 2J, J&12. 

PUBLICATIONS OF THE UNITED STATES NATIONAL MUSEUM 

Tho editorial work of the National ilnsoum has contiimed during 
the year under the immediate direction of the editor, Paul H. Oehser, 
Thera were issued 1 AniiUfll Eeport, 2S Proceedings papers, 3 Bulle¬ 
tins, and 1 se[)anite paper in the Bulletin series of Contributions from 
the United Stales National Herbarium, us follows: 

B^TOPT 

BiqHjrt uu HiC and candlUt^u vl Gl<^ United &Eate* Nntlooal Mufleuin 

for tbe fiacul yeiij ended June 30, 1342. Iti+m PP- Januaqf lfrl3p 

yBOcmiiSGS: voLUitE es 

Title table of cQulem*, and Fp. t-TlU* 5ST-S£15. Ataicnat 

flodjoa—u-T 
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TOttJME 

Title pnse* tnhl^ ftfld lufleir. Ppi l-l^, N 4 ^v(mib«r 28^ 

1042. 

TOLUWE SO 

TltJ^ pRjje, table of eoatents. ana Index, Pp, MU* e©&-53L I>Ki^iuber Ift 
1042. 

VObVWl Ul 

No. SlSl. Catalog of bnniaq crania In th^ UMted Stattia NatluiiuL Miiflaimi 
COlIccUou«: K^kiwo ki E«D«riil, Al^ HrUli^. i>{). 1G9-4211, Sg. 20^ Aaguxt 1. 
10^t2. 

No. 21^. Tba ap^l<^ of eudejuk Soatli Amertcfin frefili-vater erciAta- 

ceab^ by Waldo L. SdUnJLL Qgs. 40-64p ^ IS, 

1012. 

VOLtIMT 02 

No. 314T. New Bpeolas of bark beeUefl fPltyoplitlioFliit) frora Mexloo and ttopl^ 
cflj America (Cl-olfwpterUt ScaLjtldaft), by HI. W, Blaekaiaa. Pp, lTt-2^ pis, 
SO-23. NoTemlwr 2S, 1M2 

No. 2J4S. Osteolojof of Polp^fl^^ftonaifoa, an Upper OfOtacooua rrom utidi, 
by Charles W. Glliiioii&. Pp. 220-2t^j rtge. jiSs. 24-210. October 13.1942, 

No. SJ40. Nates and new apecloy af lUicrolcpiaaptora from Wasliingtoa State, 
by J. F. Catoi Clarice. Pp. 2)07-m plu. 27-3^ Octohar 13,1042. 

No. 3160. The genytypes of same of Aabmcad'e BMoern of Ichnehmoa-tUc^^ by 
R. A QuHbmam Fp. 2Tr-2S9. October 1942, 

No. 21E1I. New NaotropEcol loscctff of tbo apterj^otao famllj Jtipygliluo, by 
H. K- Ewing hM Irrlng Fox Pp. 201-200, pin, 33, 84- October 1,1042. 

No. 31G2, Tlie fresh-welter flebo# of Liberia, by Leociara P. Sehalts. Pp. 301- 
34b, (is. arr. piit 35, BO. November 13.1042. 

No. 31Ei3. Meideaa bcrpctolc:»£lcai aiiecailuiiy^ by Hebarc M. SmEtb. Pp. 34t^ 
3A pi- 37. Nevetuber 5, 

No. 31^. Rorlsjon of the genus FA7orojjnuj!i Oiapnlfl la NorUb AllicrEni (Coleop- 
cera, Sooljtldae), by IL W. BJai^iium. Pp, 307-174* pis, SS-^L D^amber 21, 
1012. 

No. SlfSL Tbo I-ate CenoEolc rertebratefaanaa from San Poflro Valley, Arix, 
by €. Lewis Oailn. Pjx 475-51$. 3tMT, pla 42^ Becaniber 10,1012* 

No. 31G3. The ly|% spocics of Uie genera and subgonera of by Gi^ra A. 
Bandboose, Fp, blO-dlO. March 3, 104X 

VOLITMD 93 

Na Sinr. The Neaiotlc fipeelcfl of paraaLtIc flies belonging to JjC^irUa Rjid all ted 
gonem, by Wpnflell F. Sallara* ppL i-iOS. Juaua^ 19, liwa 

No, 3153, A new tomh reptUe from the Cp^Hfr Cretaceouji of Dfab+ by Qmrles 
W. Olliijore. Pp, 130-114 figs. 1-5. Becembur 12,1042. 

No. 3lO0i Same Aioerktio gaomcLrtd moEhs of thp subfamily Eimumlnaf} hero- 
tofore uisvfdaCed wlEii or elasalj ri^lated to Treltfichicc, Uy Halm W. Capm* 

Pp. 115-151, pIsL l^lOl Febrtmry 34, W.l, 

Ko. 3160. Skalotal r^malna with cultural asfiaclatlons from fho CUleamii, Mocha, 
and Tins ViiRpya, Peru, by T, D. Stewart Pp, 163-185, pis. H-IS. Jaiinary 23^ 
1013. 

No. SlOL New marine moUuak£ from the Aotlllpan region, by Ilnmld A. RetaerH 
F0, 137-203^ pit, lU ^ January 20, 194X 
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Nfl. 51162, A new peat Of Sn the THatrlct of GoliLmbl^ rLcpE<5optefm: 

01 rphlprerTSSiia«}r hr J, r. Oalw Clai-ke. Fli. fflK^SflSp pli, 21 - 213 . Murdi 9 , 
IfNa 

No, 3m Oiiteologp of Upper UnitateoQB lltords fnsrti ntiihp with a deserlp- 
Uon of a new J5pee*®^ hr Churlca W, Oilmore Pi>- 209-214,O-IO, Jaabarr 
19, im 

No, 31&L The hlnJa of fiotithcrn YerneruA ilexico, hj AlMCftndPT Wetaiore. 
Pp. 21B-310, ill;. 11, pla. 20-£Sl Mnj 2fS, 194a 

No. 31^. New gsftorn and spwles of hark beetles of the (jnbfotony MternelnaB 
(Rrolrtldnep Colevplerajp bj KL W. Blnrkmnn. Pp. 841-46Sj pla 29-2a March 

No. 31% Notes oa aeiue bamoelcs from the Gulf of Callfowita, hr Dom 
Prianli nanry. 387^3, pL 31. Mflj 3* IMS. 

bulletins 

Nfi- ISOl Flahea of Uid Fhoeolx and Hanwmn Tfllnnda collected In 1930 ftorU^ 
the cTpedI tlen of the U. S. S. by Ijwnnrd P. ScOiultL r+3l6 pl^i 27 

9 pie. Jannnrj 20i 1943. 

Ntt. JSL The cyclopbortd opercnlnle liibfl ualltiBlm of Amerln, by Onrloa do 1 a 
T orre, Ptml Burtoch, ond Joseph r, E. UorrlsoD, Iv+WM ep, 4^ pis. Au^t 

No. 1B2. UoDoptuph of the West Indian IieeUett oC the fsmlly StnpliylliiiElae; 
by RlrhsTd E. BUckwciacr. Tlll-^OSiS pp., 3 Aeh,, 10 Uittps- Jnnnniy JT, llWS. 

0£>Nl^UtinONS XEOlt THE UNtrEU STATEfl NATIONAI. HKHBAEIujI 

fiS 

TlOe pAlie; tshla of contents, tind Index. Pp. 1—xli, 677—6DA Oecerohet 1^ 

1012. 

publications op the HmtEAtl OP AlIEItTCAN ETnNOLOOT 

The editoriftl work of the Burenii hAS continued tituler tlie immO' 
diate direction of tlifl etlitor, M, Helen Pidtner. Ihiring the year 
there were iHsaed 1 Annufll Report and S Bnlletina, os follows: 

REPOBT 

Fifty ninth ftnnonl rniwrt of the Bartan of American EUmalo^, 1W1-12L 
12 pp, JohUary 39, IME, 

BUXLETLSa 

132. Source material oti the history nnd ethnoIosT of the Caddo Indiana, by 
John K. Swnnton. 332 pp,p 29 pU,, 8 fijs:*. JnniuiiT 10, 1943. 

134. The native trlbea of ooBterD BoHvla and weatora MuLto Grosao, by Alfred 
M^trauJt, 132 pp, b ptfc. 1 Novoober 23.1M2. 

135. Orl^ myth of AooBJa nnd other recordSi by Matthew W. BUrllng, 123 
Pik, IT plB., 3 npL December 3, 1942, 

REPORT OP THE AMERICAN HISTORICAIi ASSOCIATION 

Tho htUkual reports of the American Historical Afi^iation axe 
transmitted by the Association to the Secretary of the SmithBooiAD 
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Institution and are communicated by him to Congress, as provided by 
the act of incorporation of the Association. The following reports 
were issued this year: 

Anrmal report of the American Historical Association for the year 1936. 
Voltmie 3. Instructions to the British Ministers to the United States, 1791-1812, 

Annual report of the American Historical Aasociation for the year 1937, 
Volume 2, Writings In American History, 1937,1938. 

Annual Eeport of the American Historical Association for the year 194D. 
Proceedings. 

Annual report of the American Historical Association for the year 1041, Vol- 
nme 1, Proceedings i private letters from the British Embassy in Washington to 
the Foreign Secretary, Lord Granville, 18SO-85; manuscript accessions. Volume 2, 
Talleyrand In America as a financial promoter, 1794-06, Volume 3. List of doc¬ 
toral dissertations In history now in progress at universities in the United States 
and the DomtnloB of Canada. 

The following were in press at the close of the fiscal year: Annoal 
Report for 1942, volume 1 (Proceedings and list of mem^rs); volume 
2 (Letters from the Berlin Embassy); volume 3 (The quest for politi¬ 
cal unity in world history) * 

REPORT OF THE NATIONAL SOCTiriT, DAUGHTERS OF THE ASIERICAN 

REVOLUTION 

The manuscript of the Forty-fifth Annual Eeport of the National 
Society, Daughters of the American Revolution, was transmitted to 
Congress, in accordance with law, December 1,1942. 

ALLOTMENTS FOB PRINTING 

Tile congressional allotments for the printing of the Smithsonian 
Annual Reports to Congress and the various publications of the Gov¬ 
ernment bureaus under the administration of the Institution were 
virtually used up at the close of the year. The appropriation for the 
coming year ending June 30, 1944, totals ^SS^SOO, allotted as follows: 


Smithsonian Institution__ $16,000 

National Museum..-________ 43,000 

Bureau of American Ethnology___ 17,480 

National Collection of Fine Arts.,-----500 

International Exchanges- 200 

National Zoological Park-.^..^_ 200 

Astrophyslcal Observatory_ 500 

American Historical Association____ 10, 620 


Total--------88,500 

Respectfully submitted. 


W* P. True, Chiefs Editorial Div^ofu 

Dr* C* G* Abbot, 

Secretary^ Smithsonian Institution. 














EEPORT OP THE EXECUTIVE COMMITTEE OP 
THE BOARD OP REGENTS OP THE SMITH¬ 
SONIAN INSTITUTION 

FOK THE YEAK ENDED JUNE 30, 1943 

To tJiB BooTd of SegeTits of the SwMhBQ'fii^n IiistitutioTif i 
Your executive committee respectfully submits tbe following report 
in relation to the funds of the Smithsonian Institution, together with 
a statement of the appropriations by Congress for the Govemment 
bureaus in the administrative charge of the Institution* 

SMITHSONIAN ENDOWMENT FUND 

The original bequest of James Smithson was £104,960 8s. 6(1.—$508,318.46, Be* 
funds of money expended in prosecution of the claimr freights, insurance, etc., 
together with payment into the fund of the sum of £5,015, which had been withheld 
during the lifetime of Madame de la Batut, brought the fund to the amount of 
$550,000. 

Since the original bequest the Institution has received gifts from variona sources 
chiefly in the years prior to 1893, the Income from which may be used for the 
general work of the Institution, These are invested and stand on the hooka of 
the Institution as foUows: 

Avery, Robert S, and Lydia T., bequest fund--——- $50,498,44 

Bodowment fund, from gifts, Income, etc--——- 

Habel, Dr. S., bequest fund- 

Hachenberg, Qeorge P. and Caroline, bequest fund- 

Hamilton, James, bequest fund- " 

Henry, Caroline, bequest fund- 


272,64B.65 
500.00 


2,895. 70 
1,185. 46 
145,623.83 
728,838. 59 

Rhees, William Jones, bequest fund-- 1' 

Sanford, George H., memorial fund- ^oTplo 


Hodgkins. Thomas G„ fund— 
Parent fuud- 


Wltherspoon, Thomas A., memorial fund---- 

Special fund-— 


126,491,58 
1,400.00 


Total endo\^Tnent for general work of the lustitutloia—— % 330,949,55 

The Institution holds also a number of endowment gifts, the income 
of each being restricted to specific use. These are invested and stand 
on the books of the Institution as follows: 


Abbott, William L., fund, bequest to the Institution- 


_ $104,010.11 

Arthur, James, fund, Income for Investigations and study of the sun gg goo 44 
and lecture on the sun------ ^ 
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Bacon, Virginia Purdy, fund, for a traveling acliolarship to Investi¬ 
gate fauna of countries other than the United States__^_.___ $49,107,63 

Baird, Lucy H,, fund, for creating a memorial to Secretary Baird_ IT, 942,00 

Barstow, Frederic D,, fund, for purchase of animals for the Zoolog* 

ical Park___________ 745.61 

Canfield Collection fnnd, for Increase and care of the Canfield col¬ 
lection of minerals-——________ 37,4SaS0 

Casey, Thomas L,, fund, for maintenance of the Casey collection 

and promotion of researches relating to Coleoptera___ 8 , 990, SO 

Chamberlain, Francis Lea, fund, for increase and promotion of 

Isaac Lea collection of gems and moUusks______ 27,602.10 

Hlllyer, Virgil, fund, for Increase and care of Virgil Hillyer collec¬ 
tion of lighting objects*^_______ 6,441,94 

Hitchcock, Dr, Albert S,, Library fund, for care of Hitchcock 

Agrostologlcal Library___ 44S, 66 

Hodgkins fund, specific, for Increase and diffusion of more exact 
knowledge In regard to nature and properties of atmospheric 

air- 100 , 000.00 

Hughes, Bruce, fund, to found Hughes alcove—^_ 18,761, 82 

Myer, Catherine Walden, fund, for purchase of firet*class works of 
art for the use of, and benefit of, the National Collection of Fine 

Arts-*-*- 18,580,22 

National Collection of Fine Arts, Strong Bejquest***__ 9 ,799. 76 

Pell, Cornelia Livingston, fund, for maintenance of Alfred Duane 

Pell coilectioe---- 7,265. 69 

Poore, Lucy T. and George W., fund, for general use of the Institu¬ 
tion when principal amounts to the sum of $250,000„_._ 88,009,95 

Reid, Addison T,, fund, for founding chair in biology In memory of 

Asher Tunls^^-*——_____29,764, 02 

Roebling fund, for care. Improvement, and increase of Eoebllng 

collection of mlnerala- 118,296,54 

Rollins, Miriam and William, fund, for investigations in physics 

and chemistry--------- 91 ^ 555 .20 

Smithsonian employees retirement fund^______ 32,704 36 

Springer, Prank, fund, for care, etc,, of Springer collection and 

library-—-----—__ 17,577,31 

Walcott, Charles D. and Mary Vaur, research fund, for develop¬ 
ment of geological and paleontological studies and publishing 

results thereof---- 408 ^ 337 , 73 

Tounger, Helen Walcott, fnnd, held In trusts____ 50,112.50 

Zerbee, Frances Brlnekl4, fund, for endowment of aquaria_ 745,99 

Special research fund, gift, In the form of real estate__ 20, 946.00 


Total endowment for specific purposes other than Freer 
endowment----^--- 305 ,973.57 

The above funds amount to a total of $2,642,923.12, and are carried 
in the following investment accounts of the Institution; 

U. S. Treasury deposit account, drawing 6 percent Interest-__ $ 1 , 000 ,000. OO 

Consolidated Investment fund (income In table below)___ 1,316,533.49 

Real estate, mortgages, etc_______ 274,877.13 

Special funds, miscellaneous Investments_____ 51,512,60 


2, G42,923.12 
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FUEER OAtXEBT OF ART 

Early in 1906, by deed of gift, Charles Freer, of Detroit, to 
the Institution his Dolliffition of Cliinese and other Oriental objects o 
art, as well as pointings, etchitigs, and other works of art by Whistler, 
Til oyer, Dewing, and otlier artists* Ijater he also giu’o funds for toe 
construction of a building to house tho collection, and finally ^ his 
will, probated November 6,1019, he prttvided stock and securities to 
the estimated value of $1,958,591.42 as an endowment fund for the 
opernUon of the Gallery. From the above date to the present time 
Uiese funds have lieen increased by stock dividemls, savings of in¬ 
come, etc,, to a total of $5,830,772.01. In view of the importance and 
special nature of the gift end the requirements of the testator m re- 
speet to it, all Freer funds are kept separate from tho other funds of 
the Institution, and tho accounting in respect to them is stated sepa- 

Tlie invested fund« uf the Freer liequcst are classified as follows: 

_ _ t<S53, sea, 10 

_ 104,230.01 

_HI—_- OKI. 412.7e 

__4,333,308.12 


Conrt ima greweSa fnaiL 


Ckinrt aad groRnOs moiatcnaace fond- 

OatAtar fuud^^^—-—-- 

Bei3^dtJAiT - - 


Tt)Lal-- 




SlBTMAaT 


ItiTCAtcd eDdiwnijeuL for RMierAl pjrpfsei----—- 

Inveiteil endnwawnl for siwcMlc rnirpoBCa oUier than Freer 


cndAvraneiit- 


¥1,386,919,59 
t. 306 . 973 . ST 


Tblal InrcatcHl Hcdtiwnient other than Freer eartownieftt.— Ji. W3. 12 


ITiver invftrtcd etidowmBat let speelfle piuposiiiL—— 
Tutal luvested endowinunt fur all parpoaos—„— 


5 , KW, T 72.91 
3 . 479 , OK}. 13 
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CF^SSTFTCATION OF IN\^STllENTS 

DepflJiltrtl In the U, 8- Ti*ts9TJt7 at 6 p^iTFnt per jaiinnra+ m an- 
thorreed to tlie Ltolteii SiatfR RpTlied StAmrMt, fl^ODO, 0(K>. 00 

Ti]TC!6rmonl9 utlier tliun Freer pnilnurment (cost market ifftlue 
at dntti acQyIred) i 

Bonds (10 dlfTcrent (trotlps)^_____$ 1510 . 543 L 

Bloekn {40 different ftmaps}___TQD^TEl.KT 

Hsfll'ftflii'iile nnd llrat-mortifu^ lictctf^__ 03 

UnttiTesred cnriTUL^_ _ __ (i;,S27.ST 

- - 1. 042. 02S. 12 


Totnl InTOfltm'eiits other tbnn Freer endcwnientw 042^028 12 

InveatuieDis of Freer endowment ((WAt or market rnlite at date 
Dcqnlred): 

Bonds (20 different ^onrw} - _ _ _ _$2+^, llS, 2§ 

Stoclu (fi2 rllfferant arooiw) .. 3. OOtS, O0&. 47 

Ibeal estflt? Unit-morf __ 7, SOO. DO 

TTnlnrested capital..^ __ _ 

- 0.830.772 01 


Total toiTstments______ 8,470, (S®5.13 

CASH BAMNCESt KECEIPTS. AND DISRTIR. 8 ra!I=:XTS DURING THE 

FI.SCAL TEAR* 

Cash balance on hand lytje SO, 1042^_ ,. „ _ _ _ __ 57 ^ 0 ^ H23,T3 

Recefpti! 

Cash Ineninn from mrSoni soaroes for ^norRl 

work of the rti^ltTiiMoji_„__ fS2,702.00 

Cash ^fts and ^^ntrlhutlons expendable for spo- 

elal acli^tdlc objects (not to he StirosTed).^_ 20,233^00 

CoE^b ^iris for EXli^!:lQ] scl^ntiae work fto he 

in vested) —---- rm. 00 

Cosh Lneome from ondowraonit f<jr apedSc use 
other then Freer eudowDicut and from mlsrol^ 

Is neons fioarwa (lacLodin^ refund of tem¬ 
porary 43dvunee«>.™-—„ -- 131,01^33 

Cash mctilvcd m roynltlea from SmitlwiiUin 

Sclent lUc Series____ ___ _ _ 17^700.32 

CfiEh cnpltnl from sale, eall of occurltlos, ete+ 

(to be rvEnresnihlj.----- _ 373.5^.20 


Total reenipts other than Freer endowment^__ SIlp3T$.M 

Coib Ineomo from Freer endowment., _ f2l8,12£s.OT 

Caah eapitoi Irom Bale, call of Bectirttloii, ot& (tn 
he rclmeiftedi--- - -- 1,44a.(mid 


Total rerslpta frooi Freer ondowmimt*^^___ 1^ 731^ 77 


----- 3.<fi8,(>2tl.4- 


»Thi» tlkdimfiiit <bM> not Jnctodl GoTWbmenC 4PP»iotirliUoilJ BB(}f. tta« n d<BA>litimUTS 
fluna of cb# iDiTiiutmn. 

























REPORT OF THE EXECUTIVE COMMITTEE 93 

CASH BALANCES, EECEIPTS, AND DISBUESEMENTS DUBING THE FIS¬ 
CAL TEAS—Continued 


DifibTirsementB: 

From funds for general work of tlie Institution: 

Buddings—care, repairs, and alterations— $2,980,12 

Furniture and fixtures-^-— --- 173,43 

General administration^__— 33,103.71 

Libra ry--- 2,51T. 92 

Publications (comprising preparation, 

printing, and distribution)—-— 36,634^70 

Eesearches and explorations—- 15,372,22 

- $90,787.10 


From funds for specLflc use, other than Freer 
endowment: 

Investments made from gifts and from sav¬ 
ings on income__ 50, 752,65 

Other expenditures, consisting largely of 
research work, travel, Increase and care 
of special collections, etc., from income 
of endowment funds, and from cash gifts 
for specific use (induding temporary 


advances)----122, 872.78 

Bemvestment of cash capital from sale, call 

of securities, etc^..-^__ 285,264.19 

Cost of handling securities, fee of invest¬ 
ment counsel, and accrued interest on 

bonds purdiased—-- 3,779.05 

- 462,063.67 

From Freer endowment: 

Operating expenses of the gaHery, salaries, 

field expenses, etc--—^—- 37,224.00 

Purchase of art objects-- 131,971.87 

Eeinvestment of cash capital from sale, 

call of securities, ete--- 1,611,775.28 

Cost of handling securities, fee of invest¬ 
ment counsel, and accrued Interest on 

bonds purchased_*--- 22,804.12 

- 1,803,775.27 

Cash balance June 30, 1943------ 671,696,43 


Total_3,028,9^47 

> This Includes salary of the Secretary and certain others. 


Included in the foregoing are expenditures for researches in pure 
science, publications, explorations, care, increase, and study of collec¬ 
tions, etc., as follows: 

Expenditures from general funds of the Institution: 

Publications_$36,634;. 70 

Besearches and explorations—--— S72.22 


SK,00a92 
























94 AlTNlTAL fiEPORT aMlTHSONlAN INSTITOTIOIT, lfi43 


Expi?DdlCnfcs IfDin funds dCToted to siwclDc piiriMVis^: 

Ewarchea aod cixpLoraiJoQa____ ___ |S1^, 

CafE, In^TvsBVf Mnl ei^LaL coHectlons___TtO^ 4^ 

PnMIrQrJnna - - ■ . _ _ _ _ tS, 0Cv4. 74 

- 14^. 75 


Ti9tal_—--—--- - iCft m. 67 

TJis practice of depositing on time in local trust couipenits and 
banks sucli rcvonacs as may be eparad temporarily bos b«n continued 
durluj; the past year, and interest on these deposits has amounted to 
$1,348.28, 

The Institution gratefully acknowledges gifts or betpieats from the 
following: 

Fnnda from wile tif nrlaJa pabllcntloDB, prnferty of the late B. J. Bromi 
lu hv usedp at hl^ refiuestt for t^e of 
Eldrencfl BiDToort EldeHnEr^r* bcnti^r. iDcojue nf which to b« nR#d for 
ExliJbLFLaiif [ire^rTotlnD flitd qar& of yliotojrapiiip worlLf^ and 
of Eiiriotpli Elf^k^m^orp Jr, 

FHEnds of Dp. Altiert, 8- HUetcuck fur mtclioaek Aj^oafoloftlcdl Llbrdf^^ 
jokn A. Bo^bliDg^ further ctsdtritiuiEaiLd for re^rcb Id mtltailoD. 

All puymeinie itrfi nmde by ebeefc, signed by tlie Secretuty' of the In¬ 
stitution OD the Tro^upor of tlt« United 5tiit€3| and all rcT^nuca apo 
tkpodited to the credit of the some aocoimt. In many iru^tnne^ deposits 
ttPG placed in bonk for conv^iience of collection and later are witli- 
drawn in round amoimts and deported in tlie Trfssisury. 

The foregoing report relates only to the private funds of tlie Insti¬ 
tution. 

Tha following annual aiipropriations were made by for 

the GoTemment bureaus under the administratJ ve charge of the Sniitii- 
fionian Institution for Uie fiscal yaar r 

OeDcroi eipcDsw——^------ -- --|3e4p3a4 

(This ceaibEiies undtr mm l]i!flillne the amroprlatlc^ai hfiretofore 
auicie fvT Salaries aud Expend, fnti^rnatEonal Bzcnuagoi, Aud^r- 
Lean ELhnologj, AaLrofilijalejil Obscrratopy, uad NiHodaL Collee- 
tlen 4>f Y\im ArtJi of the Smmi^oulQiD IiiHtltutloa+ and for 
Maintenance and Operation ol Llio United States Nutlotitd 
Uhxemn.} 

FreservallDQ of collectJuag (tiiErliidEDj^ siippietDental ApproprlnUoa fur 

fwertlino _ _ .. _ 

iMatina and htnillEii__ ___ _ _ ____ _ 

NatloDol ZoolG^Lcal Park (Including aupplOBiciiULl appronrlatioD for 

nvertlma Mlarl«t}_ _ . _ ____ 

OxipemtioD with the American KepublEoi (tniiiHf#rto the flmlths&uiari 

Ia«Ui atlon) —___ _ _ _ ____ 

Wurkliis fund _________ 


mm 

8 &,eo«> 

289,200 

ts7.m 

20.000 


Ttotal 


I,C2a,TSD 
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Thft report of die audit of the SmitJisonUti prirAte funda is givan 
balo»; 

SBiEiiscii 23, lfi43. 

Bxtt.uni'K BoAUf or RcuEmH, 

SmitfiJKnfsn Tni/tfu/hin, i>, O, 

fliw: J;*urFD:int ta Agrieeinent we bovo audited tba aeDanut* of the SultbsoiilBa 
lusUlutlDD for the fiojmL yw enili.’d Jane 3Et 1943, nni] eettUr tbe Iraluace of 
ciiBb on hnod, Including Betty Caali Fnnii, June WJ. IWS. to be tSTS.COS^-IS. 

Wa bare verllied the record of recelpta and dlaborsenKDta malulalnad by tJte 
Tnotltutlon and the pgroeuteat of the boot bnUineeft with the hmifc hahmcaa. 

We hare cxamlbed all the aHorJttee Sn the custody at the Instituttop and La 
the cuatody ot the hiicla pad found them to oziee with Uw baoh recorda. 

We have compared the atared Incomje of ouch aecurltlq with the receipt* ot 
rvc&rd and foacd thi;m In fljT^tciuciit therewltlL 

Wk bare examined flit Tq^iclieni cvrcrLog d£fihtirsftu4Dt4 for actou&t of 
IikfftltiitJoii. dtitifkg Oifi fLscttJ y«ar coded Jun* 30* 1M3» toother wlUi Uic aathoi^tj 
tberefor, And liftrc compared tbem with the InAtltatloo^e record of expeiidJtiir«i 
and foimd Uicm to esreo. 

We La?e eiamliiBd and varlA^ the ftOODunCi of the iDatltuUon with eflcfa trait 
fund. 

We foniid the bnolco of djcootuit oiad i^sctirdi frel! and pcrEirah^ly kept and Uie 
aecarEtlea eonv^^tetitlp died and aeoitelT' ciuvd far. 

All InforttiAdDn leQueated by your auditors wan promptlj and courLeoiiBlj 
furnished. 

Wc certify the Balance Sheet, In onr oplIdIoq, eorreetlj pres&uLi the flaaoelal 
eondlUoa of Ibe Iiiatitutloii ms at Joao 30 h 1S43. 

BeapectfuUy auhmitted. 

William 1l TAir.Ka, 
O^iifled Pu^Jlh AoeotfAfOiii 

Respectfully eubmitted* 

FaEDXBio A. Dslano, 
Vaxntwab Btoh, 

(^UllNCE CaTTNON, 

Eii^e^Uive Commitl^, 
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ADVERTISEMENT 


Tlie fibjfict of the Geke&ai, Aj^podix to the Annual Beport of iho 
Staitbsonian Institution is to furnish lirisf uccounts of Bciontific dis- 
covsrj in pai'Llculnr directions; reports of invcstigatioas made by 
collaborators of the Institution; and memoirs of a general character 
or on sfiecial topics ihal are of interest or value to tlio numerous 
correspondents of the Institution. 

It has been a prominent object of the Board of Regents of the 
Smithsonian Institution from a very early date to enrich the annual 
report required of them by law ^th memoirs illuetmting the 11101 % 
remarkable and important developments in physical and biological 
discovery, os well os showing the general character of the operations 
Ilf the Institution; and, during the greater part of its history, this 
purpose has been carried out largely by the publication of such pa pern 
as would poaseas an interest to all attracted by scientific progi'Cea. 

In 1880, induced in part by the discontinuance of an annual sum¬ 
mary of progmse whidi for 80 years previously hail been issued by 
well-known private publishing firms, the Secretary had a series of 
abstracte prepared by competent collaborators, showing concisely the 
prominent features of recent scientific progress in astronomy, g^logy, 
meteorology, physics, chemistry, mineralogy, botany, Koology, and 
anthropology. This latter plan was continu^, though not altogether 
aatiefactorily, down to and iticluding the year 1888, 

In the report for 18B8 a return was made to the earlier method of 
presenting a miscelhuieons selection of papers (some of them original) 
embracing a considerable range of scientific investigation and discus¬ 
sion. This method has been contiimed in the present report for IblS. 

08 


SOLAE RADIATIOX AS A POWER SOURCE ^ 


By C. G. Abbot 

Becretary, Smithsonian Institution 


[With 3 plates! 

This major power source of the world is as yet almost unused by 
engineers. The intensity of solar radiation at mean solar distance 
outside the earth^s atmosphere is about 1-94 calories per square centi¬ 
meter per minute. Expressed in English measuresj this is 7.16 B. t. u* 
per square foot per minute. Actual supplies of sun heatj however, 
vary with the season. Owing to the ellipticity of the earth’s orbitj 
we are about 3 million miles nearer the sun in January than in July, 
and the actual intensity of the sun’s rays outside the atmosphere is 
about 6 percent greater in January than in July. As there is less hu¬ 
midity and clearer air in winter, it follows that the sun’s heat at the 
earth’s surface in the Northern Hemisphere is a good deal more intense 
in winter than in summer for equal solar altitudes above the horizon. 
The reason winter is cold is because the sun lies so far south that its 
rays shine very obliquely, so that the average intensity on a horizontal 
surface is thereby greatly reduced. 

Thick clouds reflect away about 75 percent of the sun rays which 
strike them. Much of the area east of the Mississippi is 50 percent 
cloudy, so it follows that m these sections a third of the sun’s radia¬ 
tion is reflected out to space. Besides this doud loss there is an 
actual absorption by the water vapor and other ingredients of the 
atmosphere. This amounts in humid localities to from 15 to 25 
percent. Accordingly, solar power propositions would operate at 
great disadvantage in most of the States east of the Mississippi, ex¬ 
cepting Florida, as compared to the arid and generally high-altitude 
regions of the Southwest, 

Measurements of solar radiation made at the earth’s surface upon 
a receiver at right angles to the beam, and with the sun at 15 or more 
above the horizon, range from 1,5 calories per square centimeter per 
minute down to 1.0 calorie, or even less, depending on the clearness 
of the atmosphere. In favorable localities a value of about 1.35 


* Reprinted by pertnisBion from The Mllltarr En^Jneer. toI, S5, No. 208. Febm&ry 1043. 
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calurifis tnny ba assumed as the avenige for the day of solnr energy 
on a surface normiil to the beam, except while clouds olmcure the sun. 
This corresponds in ordinary power units to 1.15 horsepower per 
square yard. 

Whether or not it is worth while to employ the solar energy for 
power depends on the efficiency which can be achieTed in converting 
solar radiation into mechanical energy. On that factor depend the 
sizo and cost of the equipment. An efficiency of only 1 to 5 percent 
wMulil be apt to involve prolubitivelj cumbersome und cfwtiy equip¬ 
ment. But a solar engine with an efficiency of 10 to 15 percent might 
be commercialJy competitive with other sources of powerj even at 
prescDt, As times goes on, it is to be euppOiied that the cost of the 
major power sources^, cool and oilt will rise, tJiongh the limited supply 
of water power may remain relatively unchanged in cost. IIciicc, 
in the future, unless some as yet unused source of power becomes 
important, it is probable that solar power w'ill he extensively employed. 

If such a change in the major sources of power should occuvt it would 
tend to alter very much the distribution of population. Such u State 
oe New Mexico would become a great manufacturing center. With 
machines of the type already devised, that Suite could fumtah from 
solar radiation more power than is now used for heat, light, trans¬ 
portation, and manufacturing in the United States, and at a cost not 
perhaps exceeding the present cost of power from coal. 

There are two major difficulties in the way of utilizing solar rndia- 
Iion. First, except on overcast, days, the siin^s rays come from a moon- 
sized ejiot, which moves daily through the sky from the easterti to tlm 
western horizon, end yearly from 23* north to 33“ south of the celte- 
tial erpiatur. Second, from sunset to sunrise the riiya are w'holly 
cut off. 

EAULT EXPERTJIENTS 

In one interesting Beriea of experimento, reported by Willsic and 
Boyle in Engineering Kows, May 13, 1909, the Bret difficulty was 
avoided by employing a stationary horizontal receiver. This, how¬ 
ever, is at great coat in theimodynamic efficiency, owing to the low 
temperatures of operation, and to losses of radistiou by reffectiou, ilue 
to (he very ohlique ieicidence of the rays during many hours of the 
day and year. It would seem fatal to sacrifice so much efficiency. 

Tlie work of Shuman at Tacony, Philadelphia, also reported in that 
some issue of Engineering News, led on at length to the very different 
experiments of Eastern Sun Power, Ltd,, described by Ackermann in 
the Smithsonian Beport for 1015. Tlieae experiroenta came nearer 
being a commercial euccess, 1 beUove<, than any others on solar power 
up tu that time. A large plant w»» erected near Cairo, Egypt, and 
used for a time for irrigation from the Nile. It appears to have been 
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abandoned during anti Mneo tho World Wat of In tliese ex-* 

periniHiita ibe sun’s cays were roughly focused upon boilers, and thus 
from the thennodynaniic viewpoint more eligible temperaturre w'ere 
attained than tljose of Willsic and Boyle’s ejperinientH. 

Some inventors have attempted to employ thennocloctricity ^ or 
photoelectricity an tneans of escaping from the necessity of working 
through gaseous heat cyclss to achieve mechanical motion. It is diffi¬ 
cult to conceive that thermoelectric couples could ever be a valuablo 
eapedient for this purjjoae. The electromotive forces available are so 



b'lODsa L—ButM’Ji tolar fCOfirator, patented March IBOL 


stnall tliat tho multiplication of couples is necessarily 
apparatus required would contain enonnuus numbers o pa - 
wij w uswl would all bo mclallic conductors of bwt, so that a ve^ Inr]^ 
fraction of the solar input would be dissipated m nselosa bwt 
As for phnumlectricity, it seems to be limited to comparatively narrow 
regions of the spectrum, so that large fractions of the solar rays would 
b^wholly useless to these devices. Of Ibe remaining u»ful rays. no 
inconsiderable part would be converted into beat, Rn<l wou a so 
useless. T cannot tliink tlint at present these direct olwtncal conver* 
siona of solar radiation seem promising solutions of t a so ar power 
problem. 


8seT«e^4 



















102 ANNUAL REPORT SMITHSONIAN INSTITUTION, 194 3 

INSTRUMENTS 

Within the past quarter century, so much progress has been made 
in the commercial use of aluminum prcwiucts, and also of high-Tacuum 
technique, that it is possible for one who is familiar with the astrono¬ 
mers’ solution of their problem of following the heavenly bodies with 
telescopes to design types of apparatus for utilizing solar radiation 
for power, combining minimum expense with maximum efficiency. 

Formerly the choice for solar mirrors lay between mirror glass and 
metals of rather low reflecting power and short reflecting life. Such 
materials for mirrors were heavy, costly, inefficient, and quickly 
deteriorating. We can now purchase commercially the bright reflect¬ 
ing product called Alcoa in thin sheets of large size. It is a special 
preparation of aluminum, long retaining its reflectivity, and with a 
coefficient of reflection for solar rays slightly exceeding 80 percent. 
Frames of suitable curvature being made from duralumin shapes, 
these may be covered with the thin Alcoa sheets to make up cheap, 
light, and fairly permanent solar mirrors. 

In consideration of best design, we come to the question of waste 
of heat. It is well known tliat heat is lost by three processes: conduc¬ 
tion, convection, and radiation. Of these, metallic conduction would 
be veiy important, as stated before, if one should he using a great 
number of thermoelectric elements, but it is possible almost entirely 
to eliminate losses by conduction ivith boilei-s of certain forms. With 
moderate temperature differences, and for objects in the open air, 
convection is a far greater dissipater of heat than radiation. But 
direct convection may be eliminated almost altogether if the body 
to be cooled is enclosed by highly evacuated space as commonly 
practiced in the thermos bottle. In that case cooling proceeds almost 
wholly by radiation from the inner to the outer wall of the enclosing 
evacuated sheath, and thence by convection and radiation to the 
surroundings. This consideration leads us to see at once that the 
advantage of employing an evacuated sheath becomes less and less 
as the temperature of the solar boiler rises higher and higher. For 
radiation increases as the fourth power of the temperature for the 
so-called black body or perfect radiator. Since we must use a trans¬ 
parent sheath to admit rays to the boiler, it is not practicable to cut 
down radiation by fully plating tlie inner wall of the evacuated 
sheath, as in the thermos bottle. We must, therefore, regard the inner 
wall of the sheath as approximately a “black body.” Hence the inner 
wall of the evacuated sheath, when at high temperatures, will radiate 
strongly to the outer wall, which conducts the heat to its outer 
surface and there loses it by convection. 

On this account it follows that although the sun’s temperature is 
so high that boiler temperatures up to the melting point of materials 
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could readily be attained, this is not advantageous. For though the 
thermodynamic efficiency factor Tx^Tt/T-i^ would gain, this would 
be more than offset by the increased heat losses -of the boiler. Fur¬ 
thermore, though quartz glasses like Pyrex enable us to use transpar¬ 
ent evacuated sheaths at fairly high temperatures, high vacua lose 
their excellence with very high temperatures, so that convection 
becomes serious. 

On these accounts it is not desirable in solar-power machines to 
employ boiler temperatures much above 200® C, (392® F,), If oper¬ 
ating to a condenser at 30® C,, such a temperature of the boiler gives 
a thermodynamic factor of 473"“303/473 = 36 percent, which, for 
reasons just explained, may be regarded as the maximum to be ex¬ 
pected if due regard is paid to loss of heat from the boiler. 

Another fundamental consideration in designing solar-power de¬ 
vices is that the loss of heat from a body through convection or radia¬ 
tion is directly proportional to the external area of the surface of the 
body. Hence it is of importance for diminishing the waste of heat 
that the boiler surface should be as small as possible, by using fairly 
accurate optical mirror forms. 

Astronomers have long ago agreed that the simplest mechanical 
motions that could be devised for following celestial objects are those 
of the equatorial telescope. This scheme involves mounting the in¬ 
strument which is to follow the celestial object upon an axis parallel 
to the earth’s axis, and imparting to this '^polar axis’’ a uniform 
motion of 15® per hour. If the instrument is to be adapted to follow 
objects at different distances north or south of the celestial equator 
that is, of different declinations—there must be a second axis at right 
angles carried by the polar axis. This second axis, called the decli¬ 
nation axis, carries tlie telescope or other following device and is to 
be set by hand to the position of any desired celestial object, and 
clamped there. If the sun remained stationary with regard to the 
celestial equator, no second axis would be needed in solar-power ma¬ 
chines, But the sun travels through 47® north and south during the 
year. 

It is higlily desirable to operate with a stationary boiler. The 
withdrawal of steam from a moving boiler involves costly and un¬ 
satisfactory connection. It is clear that a spherical boiler placed 
in the intersection of the two axes of an equatorial mirror mounting 
could be stationary. But it would be impossible to enclose thoroughly 
with an evacuated sheath. The mirror in this case would be circu¬ 
lar and preferably of parabolic curvature, which is an awkward 
shape for fabrication. 

It hai3 seemed to me preferable to neglect the north-to-south mo¬ 
tion of the sun, using a mirror rotating uniformly at 15® per hour 
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aboti(. E single polar axis. The boiler then becomes a tube of amn]] 
diameter l 3 'iiig in the axis. The vacuum sheaith is an elongated 
Pjrex thermos bottle, of which about one-third tha cireumfercnce of 
the ontjer surface of the inner wall is gold-plated. The mirror is 
a rectangular concave cylJndric mirror^ of parahoHc curvature^ whose 
equation, as I prefer it, is jr* = 36i3f. The mirror is long mid narrow 
and rotates about its fucua, the polar axis- Malng long compared to 
its width} the deliberate end-loss of light at the soktiees, fTune W and 
December £0, from neglecting the Biin'’fl motion in declination} is not 
serious, and this loss becomes ^ro at the equinoxes. The lueLaillc 


F^me £,—^Xltaaratn of flaeli toller (4), \u Tucaum abeatti (1), $erretl by water 
mjoptj' (2L ^oterned by air ^ics^-^ure La aleaoi ebrat i?)* oponiUai^ aitecalbLe 
cMioIjviT (i4h ffOTcriUiif Uijector (IS). First arran^f>aieat+ 

boiler tube is blackened by painting with a suspension of lampblack 
in alcohol with a slight addition of shellac. At the low temperatures} 
not exceeding 200“ C„ this paint d(»a not bum. It abKorlwi almut 95 
percent nf the wilar redintion. 

The mirror in my am a 11 iikhIpI comprises several eastings of alu- 
minumf machined to oocurate parabolic carves and joined by L-string* 
eta of dunJumin to form a cradle. To tins ersfile arc attacbetl Alcnii 
eheets not previously bent, and held dcuvn by narrow metal simps 
sL-reived through the sheets to the paialwlic frames. Ai [he ends the 
mirror frame supports steel hanger bars which carry hollow tnm- 
nions, and supports above a oounterbaiance bar of metal, set edgewise 
to the beam imd extending from end to end of the mirror as a stif- 
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fener. Simple stout wooden posts, set in the ground, are trdapted 
to carry rollers on which the trunnions rest with their axis parallel 
to that of the earth. The elongated Pyrex thermos bottle enclosing 
the boiler tube rests axial to the hollow trunnions and is closed at 
the lower end. 

To drive the mirror most conveniently, a worm-and-wheel mecha¬ 
nism is attached to one end of the mirror and its support. The worm 
is driven at the correct speed by a tiny 60-cyele electric motor. Where 
alternating electric current is difficultly available, a weight drive may 
be substituted, regulated by an escapement controlled by an ordinary 



Figobe a,—Diagram of variable^deUyery injector, with delivery governed by 
pressure of steam as Erst used wltli Dr. Abbot’s dash boiler. 

alarm clock, I have used such a contrivance successfully for a large 
mirror on Mount Wilson, 

For solar power, I prefer the ^^flash hotter’’ principle because of its 
economy of fair skies,® Even in the desert regions, cumulus clouds 
occasionally hide the sun. If the boiler had a considerable ca¬ 
pacity for heat, a series of such clouds might prevent getting full 
steam pressure at all on a day when the sun shone clearly one-half 
(he time. But when the flash boiler is properly designed, full steam 
pressure comes on within 5 minutes after the sun emerges from such 
a cloud. This design involves the automatic regulation of the water 
supply, to be completely turned to steam as fast as supplied while 


* I have changed my view recently, aa indicated In the concluding paragraph of thli paper. 
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the sun shines and to be completely cut off when the sun is obscured* 
This requires a pump able to force water in against full steam pres¬ 
sure, and so regulated by the temperature of the boiler that the water 
flow ceases when the boiler cools, and reaches a maximum when the 
boiler temperature reaches the point for the desired pressure of 
steam. 

I accomplish these objects by employing a diaphragm pump, whose 
stroke is gOTeraed from zero to maximum displacement by a rotating 
cam of regularly increasing throw, operating through a pitman upon 
the pump. The cam is driven from the 60-cycle motor, above-men¬ 
tioned, and is mounted on a longitudinally displaceable carriage* The 
position of the carriage, and hence the throw of the cam, is governed 
by the differential heat expansion between the boiler tube and a tape 
of the nonexpansible alloy, invar, attached thereto. 

The water is forced through a small tube centrally to the lower 
end of the boiler tube, where it is guided by a spreader tube into a 
thin sheet bathing the inner wall of the boiler tube. The water bursts 
immediately into steam, which flows out to the engine through cob- 
nections from the upper end of the boiler tube. A maze of heat-con¬ 
ducting copper vanes extends throughout the upper part of the boiler 
tube,^so that o% dry steam can escape therefrom. In large solar- 
power installations, no doubt it would be desirable to use auxiliary 
superheaters. 

The efficiency of such a device is a matter of critical interest for 
the future of solar power. It may be estimated as follows: 

Mirror reflection_ 

SbeatU traiiamlsglon_ 

BoUer absorption_ 

Heat not wasted.___ 


Percent 
. 82 
S5 
95 


Boiler efficiency 0.82X0.85X0.95X0.90“ 

Thermodynamic factor (as above)__ 

Assumed mechanical efficiency of engine-_ 


00 

36 

75 


Over-all efficiency of conversion: 0.60X 0.36X 0 . 75 =^^___ la 2 

Recalling, as stated above, that the average receipt of solar energy 
throughout cloudless days in a favorable region corresponds to 1 15 
hor^power per square yard of surface normal to the beam, we con¬ 
clude that It will require a mirror of not less than 5.4 square yards or 
48.6 square feet, surface per horsepower under the most favorable of 
^umstances. Such a mirror might well be 10 by 5 feet in projection. 
When we consider wind resistance and other limitations, includinc 
espeaally the glass tubing of the evacuated sheatb, it seems difficult 
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to suppose that units of more than 5 horsepower (area of mirror 
projection ^ 2 y 2 by 20 feet) would be found desirable. 

Such units could be assembled in groups of 30, occupying a ground 
area 150 feet, east-west, by 250 feet, north-south, without undue 
mutual shading, so as to give a maximum of 150 horsepower per 
group. Such a group of machines could be mechanically operated 
in common as regards rotation of mirrors and pumping of feed water. 
They could also deliver steam to a common superheater for use. 

It is estimated that the United States uses the equivalent of ap¬ 
proximately 10 trillion horsepower hours of power annually for light, 
heat, transportation, and manufacturing, Assumbg, as above, 
37,500 square feet of space required for 150 horsepower from the solar 
source, there would be required 30,000 square miles of territory to 
supply this entire requirement, assuming only 8 hours’ sunshine per 
day of the average solar intensity stated above, namely, 1.35 calories 
per square centimeter per minute. The State of New Mexico alone 
has approximately four times this area, 

COST AND OTHER CONSIDERATIONS 

The cost of solar power is difficult to estimate. It depends on the 
quantity used. With large installations, care and upkeep would 
become nearly negligible, so that, with s lO-percent return on invest¬ 
ment, the cost of power at the plant might be estimated as less than 
one-third cent per horsepower-hour. 

There remains to consider the serious drawback that direct solar 
power is unavailable at night. For certain purposes, as irrigation, 
this is not a serious objection. 

However, since writing the above I have thought that the means 
shown in United States Patent No, 2,247,830, of July 1, 1940, could 
be expanded to include a strong insulated reservoir of water. Solar 
heating would be conveyed to the water, by gravity circulation 
through a coil immersed therein, from a black high-boiling liquid 
filling a vacuum-sheathed glass focus tube- In this way all the ex¬ 
pense of the Hash boiler would be eliminated, all moments of solar 
heating would be utilized, the water in the reservoir would be main¬ 
tained in a superheated state night and day, and superheated steam 
would issue to the engine on opening a cock. 
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PLATE 2 



oiAPHRAo^ Pump injector of v Am able throw governed by Differential 
Heat EMPAMgEON bet ween eoiuER and invar Tape. 

HoflffW whk'h lEififiprt llm ifllnm ipmii bBitbil EJm 6]umliiiiiti pbili% 
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ABBOT 6 SOUAFl BOIlER. 
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SOME BIOLOGICAL EFFECTS OF SOLAB BADIATION ^ 


By BuTiLitf O'BniEur 
ImUtMir of QfiHcn 
I'hB of Rocht^ier 


{Wub 1 tilafc] 

Man nnd the higher animals depend for their very existence upon 
sunlight. Tije tenipemtcire nf the earth’s surface and of the earth’s 
ntinosphere is tnaintained witlim IhniLa which can support life only 
hy the flood of radiation which comes to us from the sim. The power 
supply for sll pir innvernent^ all wdndsi ei^erytliing that goes to make 
up weather^ is this same solar radiation. Mof;t of the liigher animals 
and land plants can surviTc only with a supply of fresh water^ a 
supply which exiHi? ^fiimplj because of sunlight. Without the constant 
worleing of the distillation plant which evaporates water from the 
sea and conden^? it as rain and snow there would be nothing but salt 
water on the face of the earth. Tliis distillation plant runs purely 
by solar heat- 

But our dependence upon the sun goes far beyond this. Animals 
cannot hy tliainsclves synlhe^sTze fowl and fud. Even man with all 
his ingenuity has not jet learned to do this. He can convert food 
from one kind to another, as he can convert fuel into altered and 
more convenient fortna, but he cannot yet creata aiiher. Tliis }ob 
is reserved for the green plants. The green coloring matter, clilo- 
ropbyll, |iermits a plant to utilise sunlight in conTcrting carbon 
dioxide end w'ater vapor into sugars, riarchf^, and cellulose. This 
process, which literally unbums our coal as rapidly as an active 
human tfire can burn it, Eupplies, directly or indirectly, nil the food 
and fuel available on the earilu Here ugain, ttirough the mediuin 
of plant life, man and tho higher animals are dependent upon radia¬ 
tion from the etm. 

These relations of sunlight to man have been disen^d in pluvious 
Arthur lectures. Tonight I would like to discuss some less evident 
effects of sunlight, w^hich, though sulitler, are important too. These 

^Tlio iwnth Arthur Ehr aiueiIc^ itf ih* SmltllHinlAU liuCltUtl^KI, 

FthiuMtj IPIU 
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hoTc to do with biological effects, direct nr indirect, of sunlight upon 
the Rnimal orgftnisQi, They are specific and de[H!nd upon the wove 
length and character of the light. For this reason wc must start by 
considering something of tlic nature of tlic radiant energy wfhich wc 
receive from the sun. 

The light from moat souroes is made up of many different frequencieH 
or wave lengtiis, and sunlight is no exception to this rule, 8ueh light 
may he analyzed into a spectriini with a prism and the wave ienglha 
separated from each other, much as n chemist might make a qualitative 
analysis to determine the demeiita of which some material or com- 



FietWal.^nirtribntloL oC eaerBJf la the aulur spectiuoi {Abbot) with nuw extaQ' 

ttloa ot iiVtniTiDleL uncL 


pound is composed. If light from a narrow source or slit is allowed 
to pass through a priam, a aeries of images will be prexluced oorre- 
epouding to the severfll wave lengths preaunl, and mj a apctrtrum is 
formed. Tliis speetrutn shoe's the familiar sequence of colors of the 
rainbow from violet at the short-wave-length end through blue, green, 
vellow, orange, to red at the longest wave lengtli which can be scon, 
ilicre are, of course, wave lengths beyond the range to which the eye 
is Bonmtivo. At longer wave length than U\e red is the infrared 
extending for many octaves, and at shorter wave length than the 
violet is the ultraviolet, a region which will lie of particular interest 
to HE! ilfire. 

Il is of interest to know Tvlmt wave lengths ere present, but it is 
even Kore imporUnt to know how much of eoch» n^ia can be deter* 
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mlniKl m h variety of Wftys. The most fundamental niethfxl consiats 
in converting die md in Li on into liejit by absorption in a blnckenod 
surf ace j and mcasuHng the ainouiit «f beat piT>iIiiced in each narrow 
region nf tha spectrum by the rise of temperaturo of a delicate dee- 
tried I thermometer. This h mmbjgons to quantitative analysis by the 
chemist. The energy In each wave length having been determined, 
it may be |ibiLted as a graph of energy aj[?aiiist wave length, such a 
plot representing the ajsectrahenergy difitribudon of tlie light from 
tbe particular source measured. 

Fortuimtely, this has been carried out for solar radiation very 
completely and with high accuracy by Dr. Abbot and his associates at 
tbe 5mitb>K>omn Astrfjphysicnl ObservatoiTi so that the spectral- 
energy distribution of sunlight is now well known. Although the 
measur^fiients are made nt the earth’s surface and are thus meosiira- 
mentsof sunlight after loss by tninsinisslon through tbe earthatmos¬ 
phere, there is a perfectly definite procedure by which the amount of 
this loss is determined, and so ilioapectml energy outside the earth’s 
atmwpbere as well as that at the etirtb^s surface is known. These 
are plotted in figure 1. It will he that in sunligbi the gTiuite:^t 
energy occurs in the visible region of tha spoctmm, the intensity foiling 
off rapidly m onu pHS53ea lieynnd the violet into the ultra violet region, 
and falling off moro slowly as one goes beyond the red into tlie infra¬ 
red. 

In order to act upon firing matter, solar radiation must be absorbed 
by snme part of the living organism. Tn the case of micro-organismB, 
this absorption occurs throughout the volunie of tbe wbolo animal or 
plant, much of the radiation passing entirely through the organic. 
In the liigber animals ujid man, practically all the nidlation Is ab^ 
soiled in the skin, no significant amount penetrating to an appreciable 
depth. Ill nuimals, even the skin is pititectod by the hair, wliich thus 
lauximes the principal absorber of light. Oddly enough, this ab^rp^ 
tion by hair is ntili^setl by animalfi in at lea^rt ona imtKirbint vitauiiii 
reaction. When radiation uf wave length in or near the visible spec¬ 
trum Lb alisorbed by living inattar, the energy is cither converted into 
heat or enters directly into u photochemical iiisaction. Either or both 
of tham effects constitute tlio first step in the direct action of ssmlight 
upon a livirig orgatiiKiik Siiico thii^ nnergy Lran^^formatiou must oc¬ 
cur when and where the light is absorbed, we may eaepect a primary 
action anyw^here udthin n Funnll organiKiu. In larger orgonis^ms, and 
In particular in higher animab and man, the primary action must oc¬ 
cur at the surface; that is, in the skin. 

Human skin k somcwlmt different from that of any animal, al¬ 
though tbe gro^ structEjrf±» are nuighly eompanible. Evan unpig- 
triented human skin absorbs ultraviolet light strongly, while at the 
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red end of the spectrum, unpigmented skin is a relatively poor ab¬ 
sorber, reflecting back much of the light energy received. This is 
shown by two photographs of unpigmented human skin which are 
reproduced in plate 1, The first photograph was made with ultra¬ 
violet radiation, while the second was made with infrared radiation at 
a wave length just beyond the visible spectrum. Tor comparison a 
block of white magnesium carbonate was held in the hand in both 
photographs. This was a good diffuse reflector (i. e., “white”) in the 
ultraviolet and infrared as well as in the visible spectrum. 

Although unpigmented skin reflects much of the visible light near 
the red end of the spectrum as well as the infrared justlieyond, that 
which is absorbed appears to produce a rather specific thermal reac¬ 
tion. If one examines a cross section of human skin, it will be seen 
that the overlying layers contain no pigment materials that absorb 
red or near-infrared radiation strongly. Reflection does take place in 
these regions, owing to the many discontinuities in refractive index 
produced by the cell boundaries in the epidermis, but no measurable 
absorption occurs until the level of the capillaries is reached at 1 milli¬ 
meter or so beneath the surface. Here the blood pigments absorb 
strongly, with the result that the temperature of this layer is elevated 
above the surface temperature of the skin, and even above the depth 
temperature of the body when the skin is exposed in not-too-cool air to 
intense radiation. This effect was first observed by Carl Sonne, who 
measured the temperature at successive depths beneath the skin’s sur¬ 
face with a delicate needle thermocouple and found a marked rise in 
temperature under intense illumination. The conversion of radiation 
to heat at this level in the skin raises the temperature of the capillaries 
above adjacent layers, heat being conducted both to the cooler skin 
surface and the cooler tissues at a depth. Since the more sensitive 
innervation is above the capillary layer, it should be possible to pro¬ 
duce without discomfort a higher temperature in the capillary blood 
by the direct absorption of radiation in it than by conduction of heat 
from the skin surface inward, as would occur with a hot object held 
against the skin. In the latter case, with the temperature gradient in¬ 
ward, the nerve endings would be at a higher temperature than the 
capillaries. Sonne reports capillary temperatures produced by light 
absorption comparable to high fever temperatures, yet without dis¬ 
comfort to the patient, and without a corresponding increase of either 
surface or depth temperature. The significance of this effect is not 
yet determined. It must occur in only moderate degree when human 
skin is exposed to sunlight, since several times the intensity of sunlight 
may be borne without discomfort. 

With the exception of this thermal effect in the red and the near- 
infrared, and excepting also the action of visible light upon the eye, 
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tlicro ttppcar to be no other specific effects of sunlight upon any por¬ 
tion of the animal organism until the uUmviolet limit of the sun's 
spoctriim is reached. Effects of Tisible light upon the eye are, of 
course, most important and pro found, but escept under destructively 
intense illumination, the response of the eye appears to he limited 
to providing us wiUi a sensory contact with the external world The 
subject of vision belongs properly in the field of sensory physiology 
and p^cholopy and is not includ^ in the types of biological reaction 
1 arn discussing tonight^ so, for lack of Liine, and with some reluc¬ 
tance, 1 Khali omit it entirely. 

Most of you, I am sure, have experienced simburti, or erythema, 
produced by light, but have you considered how it comes about! In 



spito of its name, sunburn is not a heat reaction, but a photochemical 
reaction, produced without heat by ultraviolet light. Moreover, it is 
not produced by all the ultraviolet spectrum> but only hy a very nar¬ 
row region at the extreme ultraviolet limit of the sun’s siwctruin 
confined to wave lengths less than about BlSO angstrutu units. This 
reaction appears to be a tjfie of photo-oxidation, produced with the 
aid of certain enzymes present in normal skin. Mausser and Vahle, 
and later Hausser, detamiined the spectral sensitivity of this re¬ 
action, obtaining a reaction curve showing two maxima and ap¬ 
proaching zero for wave lengths longer than about 31^ angstroms. 
This is shown in figure 2. These results have been confirmed by 
Luckiesh, Holliday, and Taylor. The aignificance of erythema and 
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thfl Bubsequent piguaeiitation or tanning of the dan has been a dis¬ 
puted point. The pigment of tanned akin is nielunin, which appears 
physiologically in art, produced by an oiidation reaction following cs- 
poeure to light. It seems moist reasonable to suppose that the pri- 
mnr y function of pigment 13 tho protection it affords the underlying 
]iortions of the akin and blood stream from further escessiye exposure* 
It is worth while to examine in more detail the ultraviolet end of 
the sun’s spectrum ivssponsible for tliia reaction. The area under n 
spectral-unergy distribution curve represents the energy in that 
spectral region. It will Le evident from figure 1 that the area under 
ibo solar-energy distribution curve for all ware lengths diorter than 



—‘lintniTlDlet of osone. 

3160 angstroms represents leas than one-thousandth of the area under 
the total curve. The small energy invulved rendera the effects pro¬ 
duced by this region of the spectrum the more remarkable. 

It is noteworthy that at the earth’s surface the sun’s spectrum ter¬ 
minates very abruptly at about SOOO angstrom units. Tho spectrum 
of the stats and all known heavenly bodies ternunates at about this 
samo wave length, and Jong ago tlie conclusion was inevitable that 
something in the earth’s atmosphere must be abserbing abruptly at 
this point It is eoay to produce much shorter wavelengths from 
artificial light sources, and there is no neaBon to attribute this abrupt 
termination to onytbing characteristic of tlie etuission spectrum of 
the sun and stars. More than GO years ago Hartley correctly attri¬ 
buted this abrupt terminadon to absorption by tbe gas ozone, tria- 
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tomic oiygcD, ioiiatefl 8ome\Ther& in tht earthatmosphere. Since 
only tnices of ozone could be detected in the atmosphere at iiifi earth's 
surfncCf Hartley «me h ided that the ozone inuKt lie at a considerable 
elevation. In 1S®0 Fabry and Buisson, at the Univecaity of Mar¬ 
seilles, meai^red the ultrtuioiet end of the Kun^g Kpprt mm very care- 
fullj^ and from th^ measumnents and previous laboratory measure- 
nienta which they had made upon knowu aui-ounts of ozone, concluded 
that the total amount in llie earth^s atmosphere was equal to a layer of 
tliB purs ijas about 3 millimeters"ihtch at standard temperature and 
pressure, Subi^^ucut measurements have conhrtned ihia, and we now 
know (hat ozone is distributed in the earth^g atmosphere in amounts 
dependent uiKm the latitude and the season of Llie year. This is im- 
l>oii.ant to uSjSmea lluctUHtion in this amoimt of ozone causes a very 
large Huciujitinii in the amount of ultra violet light reaching the earth’s 
surface at the limit tif tho sun’s spectrum, 

The ]jrofound eSect of ozone is cviolent from an cxaminQtion of its 
iibsorption Epcctrum. This is show^n in figure 3 in die form of a plot 
of opi icsl density (logarithm to the liase 10 of tho reciprocal of the 
transmission) hh a function of wave length. The very rapid inerrastf 
in absorption at wave lengtlis below 3200 ang^oms is evident from an 
inspect inn of this curve. 

Recently atitomalic instrumentg have been devised for measuring 
by apect roBcopic means the amount of ozon^ over any given station and 
recording tliia amount frtim hour to hour. As might be expected, fluc¬ 
tuations do oocur^ although the average amounts for any given week 
or mouth iipiwar to follow the general seasonal and latitode diatri- 
butinn. In figure 4 Is glinwu f ha day-to-day variation of ozone in a 
zenith atmoephcrc over Rochester, N. Y. (latitude 43® 7' for 4 
Weeks in the siunmcr^ Tho two curves labeled ^30-50 A." and *"^3110 
arc simply independent determinaticinn nf tlie saino quantity and will 
he seen to be very consistent. 

Not only the amount of ozone in a zenith atmcksphere but the angle 
at which the sun’s rays pass through the atmosphare is of importance 
in determining the ozone absorption. This will be endent from con- 
aideriJig the path of solar raya ihrough the atmoaphore when the sun 
isj say, 30" abovo the liorison^ For this condition (a zenith angle of 
60®) the light path will bo increased by the secant of 60®, or by a 
factor of 2. 'Phis is referred to as air mass 2| air mass 1 being the 
mass of air through which light must travel in passing through a 
zenith atmosphere. 

A striking example of the influence of sunlight upon man is found 
in th^ di»ea>!S of rickets. Affecting infants and young children, it 
was long kn own Co be at^ociuted with dietary lieflcicncies and par¬ 
ticularly with a deficiency of fattt Cod-liver oil was known to be an 
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importnnt remedj and to be much anparior to otbei- fata for tbia 
purpow. In 1800 Palm, observing that rickots was more prevalent 
in the Temperate Zones than in the Tropics, and that thera appeared 
to be seasonal variationa, attributed this to the induonce of sunlight. 
However, for many years thereafter little attention was paid to 
Palm’s work, and the relation of light to rickets was considered inei* 
dental. In 1019, however, HuIdcMnsky, working with undemourv 
ished children in Vienna following the war, found that rickets coold 
be cured by exposure of tiie affected child to ultraviolet light from a 
mercury arc. This eurpHsing result was soon confirmed by work*- 
evK in various parts of the world, notably by Hess and his nsso- 
dates. This discovery that esposure of a child to light could coni- 



punsate for a deficiency in diet was of great significance. Closer 
attention was directed to the fats, and in 10S4: Stcenbock and, inde¬ 
pendently, Hess reported that fats and oils which were not enmtiva 
in rickets could be rendered potent by exposure to ultraviolet light. 
It became evident that the active principle, or vitamin D an it was 
called, was being formed from some provitamin bj the action of 
tight Numerous investigations by Hess and hie as^iatfui, by Rosen¬ 
heim and Welister, by Windaus, and by others too numerous to men¬ 
tion hei«, demonstrated that crgoateml, lirei isolated by Tanret in 
18SD, is a parent substance from which. vitomirL D is pividuced by 
ultraviolet radiation. 

At first it appeared that only from ergoisterol could vUntnin D be 
formed. However, discrepancies Were soon noted in the vitamin-D 
potency of irradiated preparations when tested on birds (usually the 
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chicken) as compared to tefets on mitmmalB (usually the rat)* Tim 
let] tcj Uw discovery that at least one other substance, T^dehydio- 
cholesteroh could be converted into vitamin D by esposuro to hghL 
ErgtistHml is a characteristic plant sterol, while T-iIeh} dro-chofeerol 
is a sterol found in animal suhstancaSi It seems pi-obable Lherefore 
that it is T-dehydro-choIcsttrol and not ergosterol which is acted upon 
Trhen human skin is ejqHJscd to sunlightt and so converted into vitamhi 
Dj. which, entering tlie peripheral blood etrv^m, prevents or cures 
rickets in the child so ead>o^. It was first shown by Kon, Donjela, 
and Stoenbock that the quantum tdliciEtncy of the photochemical reac- 



Ftcnjojc 5-'—UltrmTlolet absprptlou o£ jiirovitamlu atemis and rclaliTC Dfitlra-ehltic 

reuctlao. 

tion converting the sterol into vitemin D h substantially independent 
of wave length, and there is neiisciii to expect such a result. This 
would mean that the energy efficiency of the loaclion could bo arrived 
at from the characterktic absorptiiui of the sterols as a function of 
wave length. Tliese absorption curves are shown in figure 5, and it 
should be necessary only to divide the ordinates by thu onergy value 
of the quantum at each wave length (i. e., multiply the ordinatw by 
the wave lengths) to ubUiu the spectra I “reSiMaiise curve* However^ 
such a ap«K!trfd-r^onso curve would be correct only when the sterol 
woe irradiated in dilute solution and in the absence of other con¬ 
taminating substances exhibiting masking absorptions in the same 
spectral regions. In animal skin the condition of dilution is no doubt 
fi4aT<M^4-* 
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fulfilled^ but tuiiny otlier light-Jiteorbin;; eubstaTiCiS arc present. It 
is not surprisingt therefotts, that the sp&ctizLl for the anti¬ 

rachitic ttSmii of 11 It Til violet radiation directly upon tho animal^a skin 
should be modified somewhat fi^in the re^ptnii^ of the pure gteroL 
Knudson ami Benford have measured this response in albino rats, 
their results being shown also in figure 5, The responEe xu human 
akin nmy not be identical with that occurring in the albino ratj hut 
may woU bo Tory ^tnilar^ so the rcsidtK of KjiulUdd and Beniord pre¬ 
sent the heal approximation to date. 

In onler ihnt we may colcnlaLa tlie antirachitic effect of sunlight^ 
under a variety of conditions when acting dii'cctly upon animal skinj 
it is tiiur^^iiry tiiui we know more than the spectral response per unit 
energy shown in figure 5. In addition, it is tiece^eary to have the 
spectral^nergy distribution at the ^ort-wsve-length end of the sun*a 
spectrum for thu scTeral conditions utider which we wish to calculate 
the effect. Because of the strong selective absorption by cizone in 
this region of the spectrum, the energy is clroi^ping rapidly as one 
proceeds to shorter wave lengths. For this reason the usual ihernuil 
Metliod for meaauiung spectral-energy distribution is not as satis¬ 
factory as are certain photographic procedures. In suitable 

precautions must be taken as Iuivh Ijettn described elsewhere, and a 
double dispersion spectrographic instrument must Ui u!^d to eliminate 
LiiH effectii of scattered lighL Thu deliiils of these measurements will 
be published elsewhere. The results are slunvn in figure 6 for the 
apectral intensity of solar radiation as received at the eartliV surface 
at sea level through a dear zenith atmoi^phere (air mass 1) for two 
ozone quantities. The upper curve ia for total oacme in a zemth 
atmosphere equal to!2.Q miliimeters of the pure gas at standard tempera¬ 
ture and pressure, while the lower curve is for 2-8 millimeters of ozone 
under the name czondilion. These curves huve been HUi{»oLh«d to 
eliminate the Fraunhofer stmeturu while Btill preserving the correct 
jiveiTfcgH ordiuiitue over any small wave-length iuLhi-vuL T]m lu to 
simplify the graphical integTRtiun to be carried out as dcsoribed below. 

In general^ sunlight mu^t roach ihu i^rt.h^s nurfacu after passing 
obliquidy through the earth^s atiuosphcrc at some angle Z with the 
2nnitb. This resulin in an inqrujme in path ilirough each stratum of 
the atmosphere in the ratio of the secant of tho zenith angle. The 
resultant i^crua!i^« hi absorption liy the oztmu and increase in scattering 
by the air molecules can be calculated. Tho re^lt is shown in the 
curves of figures 7 and S for a series of air mas^ (L c., secants of the 
zenith angle), and for two quantities of ozonr, 2,0 and 2,8 millimeters 
S. T, R in a zenith atmosphere* 

wUbu« to the uniitKn^H of lfn« V. Vfi.jiw. Hiller lo phJcIdi 

«&letiJAC]aD4 or jLEitlnLchlUo eUwlfl uader m. mureli fTEmt tram ihr WMn^iailii Alomnl R* 
Pimnrb FouQidJitloa. 
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The antirachitic effect of sunlight for the seFera] conditions of 
(^ne and air inasa can now be calculated at each wave length by 
multiplyitiig the antiraebitio respond per unit energy {fig. S) by tho 
polar energy at that wave length (figs. 7 and 8). This has been done 
and tbe product at each wave length plotted to form the family of 
curves in figiirea $ and 10. For each condition of ozone and air mo^ 
the solar antirachitic effect ia repiesented by the integral of the 



Fism (L—Dlstrttratlon oC cnergjr at the uttraTiiolct end of the solar spHtmm at 
oealevcl tbrou^ sesltlialiiiasptiote (olr (noes^LO)' 

relative efficiency os a function of wave length. This is represented 
by the area under the appropriate curve of figure 0 or figure 10. Tho 
factions are not analytic, aa the integration must be carried out by 
graphical or meebanietd means, but this is easily done with the aid 
of a planJruetar. The results of this integration are plotted m figure 
11 in which the antirachitic efficiency of solar radiation is shown aa a 
fonction of air mass for 2.0 and 2^ milliuietere of ozone S- T. P. in 
the atmosphere. 











120 AXNTTAi:, REPORT BMimSOTTIA^T INSTITUTION', lfl4a 

The significHiit feature of the curves of figure 11 is the rapid faUing 
off of the antifuchilic effectirenesa of sunlight, with increase in atmos- 
pherie osone and with increase in the air moss resulting from obliquity 
ol the sunV rays. For air moss 2 comaponding to the sun 30“ almve 
the bocizou it will be noted that tho antirachitio effect is le^ ihnn 
one-tenth that of the siui in the zenith under otherwise identical con- 



Fmm 7-—Solar ■pectrol'encrsy ftjr Tartona air maeaeo, (S.0 mm. mone In 

s^Jtb iitniMpbeTe.) 

ditioos. For nir mass B corresponding to the sun about SJO" above 
the horizon the effect has fallen to about one-eightieth that of the 
zenith sun. 

It now becomes possible to predict the antirachitic effectivencm of 
sunlight for a clear day at any point on die earth's surface at any 
season and at any time of dqy, providing only that tho zenith ozone 
over the station bo known. This has been carried out for latitudes 
aa“t 38®, and 43®, and for the eondiUonB of 2.0 and 23 millimeters of 
ozone, representing average low and average high ozone quantities 
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for the Temperate Zones- The results are shown in figures 12 and 13 
for clear days at noon as a function of time of year* The scale of 
months is for north latitudes, but exactly similar curves will apply 
to south latitudes except that the scale for time of year must be 
shifted by 6 months from the indicated values. In order to show the 
effects of hour of the day at the three selected latitudes and for the 



FiotTBE 8 . —Solar spectral energy for various air massea. (2.8 nmL ozone In zenitli 

atmosphere.) 

two selected quantities of o 2 one, it is necessary to plot six families 
of curves. These are shown in figures 14 to 19, inclusive. It will be 
noted that near midsummer the spread in latitude between 33"^ and 
43^^ results in only a slight drop in the effectiveness of sunlight near 
noon, providing that the ozone is constant. In midwinter the effective 
change of latitude is far more important, the 10° difference between 
33° and 43° resulting in a change in effectiveness of sunlight of more 
than fourfold. 
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Th« seqi^onfil find geographic differences in antimchitic effect nre 
more impressirc ^hen one considers the actual estpiHsure to uanlight 
necesaaiy to protect a child against rickets. This figure Is not easy 
to arrive at, since It is difficult to control the factors in any single 
direct experiment irith sufficient accuracy. However, there is indirect 
evidence from which we mny arrive at 15 minates' exposure iwr day 
of a nude child to renith clear-day sunlight under tropical (E.O milli¬ 
meters ozone} conditions as entirely adequate to protect againEt 
rickets, aven in the absence of other vitanain-U intake. A Negro 



Fiuumh 0.—ciurli^ nf eo[mt B^vecLrul hj anUnLCbltlc cfflclunc?. (2.0 

la uialtli otmaupbcrv.} 

child may require: ^me whut gr^iitftr fixpDfnjr^ of loss of radia- 

tion in the sktn pigment, although this is by no means demonatrated- 
I f WI 9 tiHe the above figure of 15 minutes per day, the ec;ala is immedi¬ 
ately set for figures 11 tlrruugh 10. Thus for stm in the zenith and 2,8 
milliuietant ozone in the atmosphere, 27 mimites per day (clear sky) 
would bo required* For midwiniar conditions at the higher latitudea 
the esposnnoi become so long os to be entirely out of tbe question. 
For futample, in midwinter at 43* latitude wUh 3-8 mllliiuetora ozone 
in tlic zenith atmosphere the exposure required even at noon on a 
clear day would bo GG times 15 minutes, or mom than 16 hours, and 
even wi^ only 2.0 millimeters of ozone in tho atmosphoro the expo- 
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Biifi} require would be more thmi T hours! ETidently even in ideal 
weather one eon not relj upon direct exposure to winter sunlight in 
the higher Intitudes, and it is upon the winter food supply lliat the 
population must depend escept in tropical or seinitrapical latitudea. 
Actually min;h of the vtiwnin D in the food may have been sunlight- 
pniduced, but this tofiic Ilea outside of our prenent discussion. 

The calculations thus far have been limited to the three latitudes 
as®, aa®^ ami 43®. In figure SIO is shown a reproduction of a United 
States Geological Survey map upon which these three latitudes have 



Flu DU lU—I'rvJticl currea of solar spectral energy br artlrachlUc cfflot«iiT- 

fibin oKOfie In xenlth *tiiicrtipliw&> 


beeQ drawn. It will be seen that these latitudes are fairly represent- 
ativo of the United States, although signifleant areas of the country 
lies abfjve 43® and below 33“, Similarly in figure 21 latitudes 33® and 
43® north and sonth of the Equator have been drawn on a Mercator 
projection of the earthV surface. It will be smh that a ^bstaritlal 
portion of tho populated areas ifl includ‘d witMn these latitudo bdts. 
If one desires the antirachitic effect of sunlight ouUide these belts it 
is only nccoasarj' fco determine the zomth angle of the sun for tne 
place, time of year, and time of day with the aid of a nautical almanac 
Tlie secant of thb zenith angle determines the air mass from which 
the relative antirachitic effect may Im dotcrminecl by reference to 
figure 11. 
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Fioubs 12.— Seasonal yarlatlon in solar antlracbitic effect for three latitudes. 
(2.0 mm. ozone in zenfdi atmosphere.) 
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Fiocuc IS.—S&asoiul mrlAtlDn In solar antlruchitic efTccC for tlire« 
(2.S mio, wiuB in UDlth atmoapibei^) 
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33* N. UtitndeO 
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The phenomenon of sunburn is pruinibly of physiolojpeal im^ 
porturico than the sntirschitic efect of sunlight, but it has seemed 
worth while to calculate the relative erythema production by sunlight 
for one latitude, 43‘*, and for one ozone quantity, 3.0 millimetera S. T. 
P. Using the data for erythema reaction per unit energy as a func¬ 
tion of wave length shown in figure S, Uie series uf prcshict curves 
diHwii in figure 92 have been calculated by the same procedure fol¬ 
lowed in obtaining tbe curves of figures 9 and 10, Tlie integrals of 
these curves as represented by the area under each are shown in figure 
S3 and ore analogous to the r^ults plotted in figure 11. Finally, 
in figure S4 are shown the results for eiythenm reaction undor sun- 


Fioua* 10. — Elouply TarliiLlQti uf injlur ostlracliKtit? efTMt. 


(2.0 pifcu OKonu^ 


light at noon on clear days as a function of tinis of year for latitude 
43* ami 3,0 millitiiistors of oxone in the zenith atmosphere. The ci- 
iunlight necessary to produce an erythema varies greatly 
idividuals and is dependent upon the condition of the skin. 
The skin of a sensitive individual not previously expranid to ultra¬ 
violet racjititioii will sliow nn erythomn reaction if exposorl for about 
15 tniuutes to zenith sunlight through 3.0 milllmetere of ozoue. 

In cnnlnist with the efferts just discussed, tho destruction of bac- 
tori a by ultraviolet light is a typical example of tho intluenco of 
radiation upon micro-organisms. Also it is probable that its impor¬ 
tance to the human race is as great mr any of tho reactiona mentioned 
above, for by this means sunlight keeps bacterial growth in check. 
Because of tlie small size of the individual bactorium most of the ultra¬ 
violet radiation incident; upim the bacterial cell passes on through, 
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PirtTTiM: in—H^iarlr TurlatloEi of Holnr luillrftchltlc (E.0 mm. fcalth os^lte, 

43 ^ latiltide,) 

STTO ID those re^ons of the gpectriiiii whore the spwifio nbsorptioii per 
unit thickneaa of bacterial protopliwm is high. Thus tho primary 
photoohemical roaotion which resulbj m Ihn destruction of the orgHu- 
ism may occur anywhere within tho bacterial cellj and very possibly 
within some components of the cell nucleus. 
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FiansB Lotltude belts amm tlie Usilted Stutea for wblcU Bular ttnUfacbitle 
eitectv been ct^etiJateil. 



ITietnfix 21,—LiLLltude haHiB dq cba eurtb's FurfaL-e tor wbieii uelQ4r ^ntlnichltk 
effectB JmT« he&a cuIcuImIikL 
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Figure 22*—Bj^uct cuires of iroljar ii|WK!trid hy eryil umj 

mm. GKonelQ srenitli 


43- LATmiU 
t.dmm. enmt 



FiGUtt 2a.—Variation of solar crrth^Tm etcCl wltli ait m™ (5,0 mm. wwne la 

Hcnltb &tma«pber&) 







EWECTTS CiT RADIATIOPf— 


131 


As early as 1877 Dnwnfls *iru3 Blunt investigated the destmctioii of 
putrefactive bacteria by snuilight and made roiigh meaBiirements of 
tho relative aetion of different colors. There followed many investi¬ 
gations of the effect of ultraviolet light od baetark, but the spectral* 
response curve for this rwuction was not determined for more than 50 
years. It was measured by H. W. Lyall ami my self in 1G®8 and inde- 
pendenLly by Sonne in XWt, We had eaqjectcd the spoctral-rosponsa 
ciirve to bo C|uito different for different bacteria^ hut to oiir siirprise 
eight patlnigenic and two saprophytic organisms showed surprising 
^jnilarity in spectral response^ although tho^ selecLed iududed cocci} 
Gram-negative baccilij and two acid-fast strains. Our most cotiiplete 



FiQzm 24.—SdUSOoiU TarlQUoO la mlar crvrhetna effect fS.O itim, aenlth okom, 

48* N. latitude.! 

work was done with a strain of Stciph^l^cocm^ Tlie spectral 

rosponse of this organi^n k ^liown in figure S5. It is mteresting to 
note that Sonnets measurements oq the colon bacillus agree 
t>erfeL'tly with this curve^ alUiough the clmractoristics of the colon 
bacillus are different in every respect from those of Staphjflpcocm^ 
auTTUA^ Mure recently aimilur measurements have bean made by 
GateSf with good agreement over part but not aU of tha spectml mnge. 
We may calculate ihe seasonnl variation in the bactericidal effect 
of sunlightr by following the same procedure already applied to the 
antirachitic and erythema reactions* TliSs lias been carried out to 
form the product curves of figure 26, for the condition of 3.0 mUli- 
meters of ozone m the zenith atmosphere. The integralH of these 
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curres (i, e*, tiie areas under each curve) are plotted in figure 27^ 
showing the bactericidal effect of sunlight as a function of air mass 
for 3*0 millimeters of ozone in a zenith atmosphere. In figure 28 is 
plotted the bactericidal effect as a function of time of year for clear 
dajrs at noon, 43*^ N, latitude* Although the general trend of this 
curve with time of year is similar to the curve for antirachitic and 
erythema effects, it will be noted that the summer-to-winter differ¬ 
ence is even greater. Because of this the effective bactericidal action 
of sunlight is even more dependent upon short air path (sun near 



Figube 27*—Variation of solar bactericidal effect witli air mass. (3.0 mm. ozone 

In zenith atmospbere.) 


zenith) than are the antirachitic and erjrthemal reactions. Thus the 
effects of latitude, time of year, and time of day are all more 
pronounced. 

In spite of the similarity in the spectral sensitivity of different bac¬ 
teria to ultraviolet light, there is a considerable difference in the ab¬ 
solute exposure necessary to destroy different strains. Acid-fast or¬ 
ganisms^ such as the tubercle bacillus, are relatively resistant to ultra¬ 
violet light and require for their destmction an exposure of about 14 
minutes to zenith sunlight through 3.0 millimeters of ozone. Certain 
Gram-negative organisms, such as the colon bacillus and particularly 
BaccUlus parat't/pkostta vB, require an exposure of only about 2 min¬ 
utes to sunlight for complete destruction* Most pathogenic bacteria 
appear to lie between these two extremes as regard sensitivity to 
ultraviolet light. From this the scale can be set for figures 27 and 28. 

380766 — 44^^—10 
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It will be seen that even very resistant bacteria are quickly destroyed 
by summer sunlight, but that even the more sensitive organisms will 
not be destroyed by all-day exposure to midwinter sunlight in the 
higher latitudes. 



Figtjbe 28,—Seasonal rariation in solar bactericidal effect (3.0 mm. zenith 

ozone, 43° N latitude,) 


It is difficult to evaluate the full significance to the human race of 
this solar bactericidal action. Ultraviolet radiation from the sun 
and desiccation are the two great natural agencies for destroying bac¬ 
terial growth, and of these the former is probably the more im¬ 
portant. Here again man’s very existence must depend upon ultra¬ 
violet radiation, without which bacteria and other micro-organisms 
would crowd him from his place in the sun. 






Snuthfloniui Ruipcrt. I943-—O'Brkn 


PLATE 1 



1. Using oDJy ultraviQleC mdiatioD of wave ienglh 3300-3900 A. 



2 . Using tmly inimred radiation of wave length 7600’80(10 A, 

Photographs ON PANCHROMATrc Film of Unpigmented skin 
AND Magnesium carbonate Comparison Slock. 









THE SEA AS A STOREHOUSE^ 


By E* F. AMMsmmQ, D. Sc., F, R S. 


[Witu 4 plates) 

In an island country the quest for relaxation normally brings the 
great majority of us to the coast for holidays, where we make ac¬ 
quaintance with the sea and perhaps also with some of its wonders and 
the things which live and grow in it. Many people cross the narrow 
seas to the continent, in others tlie urge of discovery takes them across 
the oceans: all are conscious of the immensity of the sea and the fact 
that it is salt. 

Saltness is an indication that substances in some quantity are dis¬ 
solved in the water, largely common salt, which in many lands is won 
from the sea by solar evaporation. Sea water contains appreciable 
quantities of other salts besides sodium chloride, in particular of mag¬ 
nesium and potassium sulfates and chlorides. More complete analy¬ 
sis has disclosed the presence of quite minute quantities of other ele¬ 
ments present to the extent of 1 part in 1,000 or less, and stiU others * 
present in even more minute quantity; and a little reflection shows that 
this must be so, for the oceans are the ultimate receptacle of everything 
that is washed from the land by the rain and carried by the rivers into 
the sea. This includes both dissolved and suspended matter. 

The wind and the rain and frost—the agencies of destruction and 
denudation—break down the hills and scour the valleys. Acid waters 
on the moors, neutral or alkaline waters on the plains, salt water in 
the sea, all act to bring into solution traces of the most sparingly solu¬ 
ble subkances. The quantity of any one of the rarer constituents of 
the earth’s crust in a million parts of sea water is minute and, indeed, 
many are only detectable by the most refined methods of the analytical 
chemist. Some, indeed, can only be found in the ashes of plants. 

About three-fourths of the earth’s surface is water. In bulk this 
is estimated to amount to 300 million cubic miles, 

A cubic mile seems to be a handy unit for statistics regarding the 
content of minerals. It is, however, a gigantic unit, for in round fig¬ 
ures it will contain 6 million tons of magnesia, 4 million tons of potash, 


' Kcprinted permtiialon from Dlsconry, March 1943. 
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117 million tons of common salt, and some 300,000 tons of bromine, 
which is present to the extent of less than 70 parts per 1 million of sea 
water* 

Such quantities, if extracted, would satisfy the world for a con¬ 
siderable time, while a cubic mile of sea is not out of range of a 
single plant located on an ocean seaboard. The sea clearly forms 
an inexhaustible storehouse of minerals, provided that man can find 
out how to recover them individually at prices comparable with the 
cost of winning the same substances from the earth. 

THE COMPOSITION OF OCEANS 

Before describing what has been done in this direction, it is well 
to devote a few words to the composition of the oceans. One theory 
is that they have been salt from the beginning rather than the alter¬ 
native theory that they have become so by washing out of salts from 
the land and gradual concentration by evaporation of the oceans. 
This hypothesis is based on the great similarity between the salts of 
the ocean and the gaseous products of volcanic eruptions rich in chlo¬ 
rides and sulfates of all kinds. The theory explains the main con¬ 
stituents, though it does not necessarily apply to the trace elements 
where any postulate of constancy of composition is untenable. 

Apparently the first quantitative analyses of sea water were made 
by Lavoisier in 1872. « 

It transpires that the variations in the proportions of individual 
salts to the total salts are very small; sea water may be regarded as of 
constant composition, the individual ingredients being considerably 
dissociated in the dilute solution. This interdiffusion accounts easily 
for the uniformity of composition of sea water throughout the 
whole ocean, so that the only appreciable difference from point to 
point is the total salinity of the mixed solutions. 

In each of the three oceans the salinity is lower in the equatorial 
regions where the rainfall is high] there are two maxima—one in the 
north, the other in the south tropical belts where evaporation pre¬ 
dominates ; at the Poles there are regions of lower salinity. The North 
Atlantic maximum is the highest at 37.9 parts per 1,000 salinity; as 
a whole, the Atlantic has the highest salinity of 35.37. The average 
of the whole surface of the oceans may be taken as 34.5, There is a gen¬ 
eral increase of salinity with depth. 

Common salt is essential to both man and beast; we need more salt 
as the proportion of meat we eat diminishes. In Britain and else¬ 
where there are large deposits of pure salt resulting from the d^ng 
up of inland seas in past geological ages. This is recovered by mining 
or more generally by dissolving the salt underground, pumping up 
the brine, and evaporating it. The export of salt from England has 
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long been a significant part of our overseas trade: it is the founda* 
tion stone of the heavy chemical industry, and salt and the *‘heavy 
chemicals’^ made from it have helped to make Liverpool one of the 
world’s greatest ports. 

Less favored countries where, however, evaporation exceeds precipi¬ 
tation of water are driven to making an impure salt from the sea by 
allowing it to evaporate in basins in the heat of the sun until it 
crystallizes. This is termed solar salt. 

In England the deposits of salt are not capped with beds of mag¬ 
nesium and potash salts, but at Stassfurt in Germany there is a great 
thickness of these; and it would seem that in geological times a lake 
approximating closely in composition to sea water had dried up 
completely here leaving everything behind. Stassfurt in consequence 
enjoyed a virtual monopoly in the production of potash salts and of 
bromine. 

The Dead Sea, and certain lakes in America, represent inland seas 
evaporated almost to the point of crystallization in which, however, 
the salts have a different composition than in sea water. Sulfates, 
for example, are absent from the Dead Sea, a fact which makes the 
isolation of the other salts more simple. In such lakes it is possible 
to assume that the salt is derived from rivers or underground springs, 
which themselves pass through and leach out earlier deposits. 

At Seales Lake in California, where evaporation is nearly complete, 
the salt crust has the appearance of a frozen waste and is so hard 
that a motorcar may be safely driven over it. At first potash and 
borax were made from the deposits; a byproduct is burkeite, a remark¬ 
able double salt of sodium carbonate and sodium sulfate. This lake 
also serves as a source of more than half the world’s very tiny pro¬ 
duction of lithium salts. Lithium is an odd element; it is allied to 
sodium and is beginning to find commercial applications which will no 
doubt multiply when it is available in quantity at an attractive price. 
Sea water contains about 1 part in 10 mjUion lithium. 

BROMINE 

Apart from the quite minor amount of solar salt produced, the 
mineral reserves of the ocean had not been tapped until a start was 
made with the recovery of bromine in 1924. There is the same element 
of romance in tapping the resources of the ocean as in turning to 
practical use the rare gases of the atmosphere: in both the elements 
sought are present in minute proportions, both are all around ns in 
unlimited quantities. 

Bromine in the past was largely a Stassfurt monopoly and ex¬ 
pensive; it was used in photography, drugs, and dyestuffs in quan¬ 
tities measured in pounds rather than tons. The need for it in 
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quantity ^J^vo$^ out oi the search for mibstancea which eouki lie added 
In lictnd to prf?vejit ihc lUigLiioa of automobiles knocking, llidgley 
solved this problem Tsith a chemical known as tetraethyl lead dissolved 
in ethylene brotnidp—tlia eub^ance marketed as *'‘EthyL*^ At once 
very large quantities of bromme were needed^ and a new cheap Eource 
out of the conhx>I of the monopoly had in be found. 

Work was begun in 1024 by a process which mTolvcd the addition 
nf aiuline to chlorinated sea water to form tribaunrsaniliue. After 
laboratory trials the process was operated on board a boatf the S. S. 
Kthyly Rtted nut a cbeinleal factory. 

ThU sailed otf the coast of North Carolina and the voyage was 
Aucc^ful tliough it waa not repeuteth The experience gainei] was 
applied to an alternative method which consists in {a) osidking 
Lho brcjniide Ju brina with rinriiiH, (?i) blowitig tlie frees bre^mina out 
of solution with air^ (t?) absorbing the bromine vrith on alkali car- 
bon ate so] u Lion from nhiiJi it can bo recovered in a commercially 
desirable form. 

Evei^'stage in this proccjEai^ had to Iw carefully worked out in tlie lab’ 
oratory. water Is alkaline, the equivalent of 1 ounce of caustic 
soda in IjOOO tons of water. Even this Email quantity gives con- 
ditinn^i un»ujLable tu Liie uxidation. Acid must be added^ the right 
quantity being O.ST pound of 0G percent sulfuric add per ton of sea 
water. These figures ara quoted to show the layman 1 h>w Aej^dtive 
chemical reactluiiH hj% to HtLUill tilings,, in particular to the acid-alkali 
reaction of the medium. The biochemist has of late years discovered 
tliat iba rauations in the living body are aven more }^nsitiva to these 
acid-alkali variations. 

The Gonditiona of the operations having Iwen settled by the chemist, 
the next step is for the engineer to design a plant {a) to carry out tho 
chemical changea^ (b) to bring the water from the sea in the required 
largo quantity^ 

It requires 4,000 gallons of sea water to yield 1 pound of bromine, fo 
that a factory making 15,000 pounds a day must be able to pump GO 
million gallons. The engineering problem of the intake of such quan¬ 
tities, the freeing of tlie water from uxtroneoufi matter and sedi¬ 
ment and its delivery continuously to' ^c plant, all at low cost, has 
been one of the firet magnitude; it required great ingenuity and fore- 
eight. It is dear that it would not do to put the extracted water back 
in the sea. It has to be dis<diwrged some w ay off, for example, on the 
rdhar aide of an isthmus wheio tba set of the currents prevenly its 
mixing with the untreated incoming water. Obviously the choice of 
location of a sea-water plant ia both all-important and limited. 

When the operations are all finished the brnmine is obtained in 
liquid form. Its transport requires special bottles and is costly. It 
ie thercforfl at once converted on th^ same aite into ethylene hroniide- 
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Tile first bronune recovery plant, started in 1934, worked elSciently 
from the outset, producing 15,000 pounds of bromine per daji the 
yields over all were high. Many thousands of tons are now produced 
I>er annuni, and bromine today belongs to the class of substances of 
%vdiich the coet la roasonabk and the supply assured for ol] tline. The 
chemical engineer and the Dow Chemical Co. have had their first vic' 
toiy over the sea. 

Calculations indicate that there are nearly 1 billion tons of bromine 
in the Dead Sea. As tliis sea is evaporated to the point of crystal¬ 
lization of the sodium chloride the oonniieutration of bromine is nearly 
00 times tliat in tlie seven and the ease and cost of its recovery 
should be leas. However, the poesibilitiss of obtaining low costs are 
superior in mdustria] America to what they are in Palest ire; more¬ 
over, any bromine produced here is a long way from the user. It is 
probable therefore that bTominB from the sea will always remain Pom- 
petitivo with that produced in Palestine, while users will have the ad¬ 
vantage of reasonable prices brought almut by sueb rivalry. 

Dr. Ernst Bergmonn in his paper before the recent British Asso¬ 
ciation Conference on Mineral R^urces, reminds us that the Mid¬ 
dle East shows a certain nlbnity to bromine. He recalls that the an- 
tifpie purple, used in the Imperial toga, nianufactured in Sldon and 
Tyro, is a coloring matter containing bromine. Tyrian purple ia one 
of the few known organic bromine compounds found in a living cell. 
The purple snail from which it was obtained is one of the several 
known strange instances, of which more anon, of seleciivc affinity of 
cells to R spei;iMl element. 

Dr. Bergmonn makes the interesting suggestion that in past ages 
vast numbers of maritime orgauisms contaiDing broniiiiB have decayed 
ill llie soil in Palestine, and that today the hot springs of the Sea of 
Galilee derive their Iinimine from this source. It is prubabla that all 
the bromine in the Dead Sea is derived from these springs. 

MAONZSiinu 

This success with broruine partly prepared the way for (he next 
problem, the recovery of magueHium. On January 21, l&il, the first 
commercial ingot, made hi America from sea water was prwluced in 
the plant of the Dow Company at Freeport, Tex. The urge was again 
economic; the demand for magnedum for aircraft parts siiddenly 
roodted vast proportions, for as much bk 1,000 pounds may enter into 
the manufacture of a single [daiie. Magneaiim, the lightest of metals, 
cost a sovereign a pound in 1915 and barely a shilling last year. T^c 
metal was firet made around Itif®, mainly as a source of bigh-inteaislty 
light for photographic purposes. Later sundry otlmr uses, mcluding 
fireworks, came along. It awaited war to start its use in airplanes, 
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inwndiBTj bombs, luicj military pjroteclulica. Today tens tif Uiou- 
i-anda of tons arc required. 

Magnesium in com hi nation is one of the most abundant eleniente 
an the earth’s crust. The most favored sourea ie magnesite, which iu 
particular is used for refractories. Other sources are dolomite, which 
consists of calcium and magnesium carbonates, and camoUite from 
Stassfurt, which is a double chloride of magnesium and potasstmn. 

If the metal is to bo made by olectrolynia—^tiithcFto the favoi'Cd 
process—miigneeite has to be converted into chloride by briquetting 
the calcined material with cnrlajo and loading substance and exposing 
to the action of ehiorine in an electric fumace. Since in the course of 
oloctrolysia chlorine is evolved, tlie process becomes in theory cyclic, 
although in practice there is wa^te through formation of hydrogen 
chloride. 

Faced with Uie large new requirements, the sea seemed an obvious 
source of magnesium chloride. The knowledge about the intake of 
SCO water and the location of a plant was available. In addition, 
ciieap i>ower and plentiful supplies of lime, the other necessary raw 
material, were requisiles. The latter also came from the sea in the 
fortn of oyater abells dredged from the bottom of Galveatoii Bay, 
which, when wo^ed, go straight to the lime kiln. Some 300,000,000 
gallons of sea water per day are drawn into the plant. 

Though in practice the recovery of magnesium metal from sea 
water involved comparatively simple operations chemically, it is for 
frum being an easy task economically to utilize a raw tunlerliil which 
contains only about 1 part of magnesium in tlOO of water. Quite 
uuuaual chemical engineering metlmdis, equipment, and control, bad 
to bo invented. Such work involves research on the grand scale by 
large teauia of chemists and cngiiiearB, It is Discovery with a capital 
D, and costs very large fhhuj of money. 

The magnesium is precipitated as hydroxide by means of lime. 
This is collected on g^iedal filtei's und converted into chloride using 
for this oiajratioii a 10 percent aqueous solution of hydrochloric acid 
which is largely derived from a Inter stage of the operation. The 
magnesium clilofida i? evaporated and dried until anhydrous, when 
it is electrolyzed in suitable cells to produce metallic magnesium. 
Katurol gas is used oa the source of power and beat. Tite elHuuit water 
is dischcirged 7 uiilcs from the intu^, which is almost SO feet below the 
surface so os to obtain the highest concentration of salts. The current 
of sea w'uter iH always in tlie some direction, which prevents mixing. 
There is a bromine factory on the some site and the two effluents, die 
one acid and the other alkaline, mingle. 

We have been able to describe the work done in tlis United Statoa 
on these materlala since it has been widely published in tlio technical 
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press. Their manufacture has not been neglected m this country flJid 
grPHi. enidiL ik due lu tlits Britbli Pcriclasc Co, atid to Dr, II, II, Chesny, 
and no doubt to others of ’whom we shall hear more after tJie war^ 
for their acldevamerita. 

There are no oyster shells on the British beach; it wag avidenlly not 
the one chi^en by ibu Widnis and tha Caipentor for their walk* But 
there was a convenient source of dolomite which is quarried arirl 
calcined in shaft kilns and the resiiliing mixed lime slaked with suf¬ 
ficient water to give a thin slurry, 

Tlih aJurry is allowed to react with sen water previoudy treated 
and filtered to remove bicarbonate hardness and susiiended matter in 
a s[>F!cial rBiictlou ve^igpl. Tbs calcium hydroxide precipitates the 
magnesium salts in the sea ns magnesium hydroxide while the mag- 
nwium oxida from the dolomite reiiiHins unchanged and in suspension- 
The resultant mixture k pumped into large circular tanks, where the 
magnesia settles out and the spent sea water passes to waste, 

Thft eeitled magnrida slurry is filtered off by means of rotary 
vacuum filters, and the paste obtained burned in pulvrriaL^d-coal-fi^ad 
rot ary kilns. The tempereture of firing is varied according to whether 
it is desired to produce reactive caustic magnesia for the magnesiuiu 
industry, or dead-burnt Tnwgn&^iurn oxide for the manufacture of 
refractories. 

By this ingenious modification magnetum is obtained from dolomite 
and from the sea by one and the Kama operation, 

rOTASSlUM SALTS 

It would be possible to recover a potassium ealt frtTm the sea^ but 
hero the economics are not yet favorable. The main use for potadi 
salts is as fertilizers, whicJi command a low price^ ^loreover, tliere 
i» a source of potash in the Dead Sea, now under rapid development, 
which will insure sulfit^iHUt supply of these to meet world denuiitd at 
ctimpeLitlve prices and will destroy the Sta^furt monopoly. There 
arc also similar sources of supply in the United States. The quautity 
of potassium ddorJde in the Dead Sea is estimated ai 2 biUiou tonsu 

As the conceutmtimi of salts is greater at the bottom of the Dead 
Sea than at tho surface, the solution is pumped from depth and 
evaporated fractionally in ahcillijw natural pans w'bicli have: an im* 
I>«r\'inua clay bottom. common salt crj HtallizoSj then a some¬ 

what impure double salt of potasssiuni and magnesium chloride termed 
caruaUitti, aiul fiimlly magnesium chloride i the mother Uquors go 
to the bromine plant The chemists of the Palestine Potash Co. have 
made a very Lhoruugli Mtiidy of the sequence of eveiitii involved iii tlje 
evaporation and crystallization, and hy an ingenious application of 
the knowledge of the Bolid equilibria of the salts concerned coupled 
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with first-class chemical engineering technique are able to produce 
highly purified potassium chloride. 

Over 40 years ago the distinguished Dutch chemist, Van’t Hoff, and 
his pupils, made a profound study of the sequence of events on con¬ 
centrating sea water at 25“ C. TTie order in which the various salts 
are deposited was found to be in very fair agreement with the geologi¬ 
cal succession as observed at Stassfort, though there are indications 
that these dried up at a slightly higher temperature. These celebrated 
deposits consist of an immense thickness of rock salt, interspersed at 
fairly regular intervals with narrow bands of anhydrous calcium sulfate 
capped with beds rich in magnesium and potassium salts. The beds 
are obviously of marine origin, but a constant flowing-in of water con¬ 
taining salts during the period of evaporation must be assumed to 
account for the magnitude of the deposit. The inland sea ultimately 
dried up completely. 

The extensive salt beds in Cheshire have no potassium or magnesium 
salts, and it must be assumed that in this locality the remaining waters 
went elsewhere before final evaporation. 

In the Dead Sea the process of salt accumulation and evaporation 
go on at the same time. The level is roughly constant, though it 
varies a little from season to season and decade to decade. Evapora¬ 
tion thus keeps pace with the inflow of fresh water. The Jordan and 
other rivers bring in 40,000 tons of potassium chloride per annum. 
The ratio of the various salts remains constant. The relative quanti¬ 
ties differ from those in the sea and in salt deposits; in particular there 
is no sulfate. 

The magnesium content of the Dead Sea is some eight or nine times 
that of the oceans, but here again it is the relative costs at the two sites 
and the cost of transport to and from them that settle the competitive 
effort. It is quite clear that given a demand for large quantities of 
magnesium its manufacture from the ocean will continue. 

Dr. Bergmann and the Palestine Potash Co. draw an attractive 
picture of the potentialities of establishing a large chemical industry 
there from which the markets in the Middle and Far East can be 
supplied. The factors are there—and who knows what the future 
may produce? 

PHOSPHATES 

It may well be that the minerals in the sea can be considered in two 
classes, namely, (a) those present in constant proportion to each other 
and in relatively large amount, i. e., the salts formed from the elements 
sodium, potassium, magnesium, chlorine, bromine, sulfur in the form 
of sulfates, and (6) those present in traces and though universal are 
possibly in variable amount locally. Fresh supplies of these are being 
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received all the time from the land and returned, as we diaU see, to the 
bottom of the ocean. 

Analyses of sea water showing the amount of the rarer minerals 
are so far scanty, and it cannot, for example, be said that a particular 
compound is present everywhere to the same extent. Evidence is 
also lacking whether some of them are accumulating or whether they 
are being deposited either as such or after absorption into the struc¬ 
ture of some marine organism. The occurrence of minerals in veins 
or lodes in sedimentary rocks gives support to the idea of deposition. 
Moreover, the vast deposits of limestone and chalk so characteristic 
of southern England are all derived from organisms which have 
taken up the traces of calcium salts from the sea. Elsewhere calciuin 
has been deposited as sulfate. 

At this stage therefore one can state purely as a working hypothesis 
that while the ocean is constant in composition in regard to its main 
constituents it is variable and even local in regard to the trace 
elements. 

Quite another problem is the fate of those minerals the world 
over which are constantly reaching the sea either from sewage or by 
the leaching out of cultivated lands. While these in the aggregate 
total far less than what is produced by denudation, they are of im¬ 
portance because they represent the constituents which are of primary 
value to man. 

One of the most interesting of these is phosphate, of which the 
mineral deposits are limited in amount and may well become ex¬ 
hausted. Many of the agricultural soils of the world are definitely 
short of phosphates and their crop-bearing qualities impaired in 
consequence. A new widely distributed source of phosphate would 
therefore be of great value and importance. 

It has been calculated that the sewage from 5 million people is 
equivalent to 17,000 tons of rock phosphate in a year, and this happens 
to be the quantity present in the annual export of meat from New 
Zealand, wliich Dominion is the loser of the same amount. Tlie popu¬ 
lation of Great Britain discards as sewage the equivalent of 150,000 
tons of rock phosphate, most of which reaches the sea. An estimate 
of the annual losses of phosphate from all sources to the sea in the 
United States amounts to the equivalent of 60 million tons of rock. 
The world’s consumption of phosphate rock is said to be 18 million 
tons; there are of course other sources of phosphatic fertilizers. 

The question may well be asked, what is happening to the phos¬ 
phate ; is it being concentrated and removed or deposited! Here is 
an interesting problem for study. The concentrations of nitrates, 
phosphates, and silicates in sea water are subject to considerable 
fluctuation depending on the activity of the marine organisms, and 
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although thtt liljsoliite figures may appear insignificant IIipms fluclua’ 
tions may haT& a strong effect cm the population of the sea. Indeed^ 
this is subject Ut regular cyclic changea very pronounced in planktonic 
forma. 

The annua! crop of plankton depends on the amount of phosphates 
and nitrates^ and there is an ap[)Hrent relation beween the quantity 
of phosphate available at the beginning of each year and the number 
of young fish which have had enemgb pood and survived during the 
ensuing summer monthsL In tamperatc seas ahnofit all these salta have 
been used up during the sunuuer and continued growth depends on 
new supplies brought up from below by vertical mixing caused by 
convection currents during the winter, when a mtlier thorough re¬ 
newal takes place. 

The annual crop of plankton depends on the amount of phosphateji 
and nitrates, and there is an apparent relation between the quantity of 
phosphate available at the beginning of each year and the number of 
young fish which have had enough food and aurvived during the ensu¬ 
ing siimmiu' months. In temperate eeas almost all these salts have 
been used up during the siminier and continued growth depends on new 
supplies brnught up from below by vertical mixing caused by convec¬ 
tion currents during Lha winter, when a rather tliorough rajiawai lakes 
place, 

SOrrENlNil SItA WATER 

The chemist is already searching for materials capable of selectively 
absorbing and retaining substances pneKont in small quantities in 
largH volumes of water. Such base-excltanging materials arc widely 
used in the softening of liard waters, a proofs which involvts the 
replacement of soap-destroying and ecale-forming calciam and mag¬ 
nesium by relatively innnocuous soditim. Jlatural zeolites were finrt 
used for this purpose and later supplemented by artificial zeolilfis 
and by sulfonated carbonaceous materials. These last offer the addi¬ 
tional advantage of replacing the calcium or magnesium with hydro¬ 
gen instead of sodium if desired. In ibis w»y tlie dissolved salts can 
be removed altogether instead of merely rcpioced. Such a process 
ia particularly valuable in water for boilerz. Tliey are made by treat¬ 
ing coni or lignite witli strong reagents such as fuming sulfuric acid, 
sulfur trioxide, chromic acid, etc. The active group in these zeolites b 
believed to be a sulfonic acid group. 

Much the same principle explains the action of polyhydric phenol 
fonualdehyda rcsins. These contain hydrogen (in an bydro3tyl group) 
which readily goes into t^dutiun to replace calcium or soiiium ions 
and forms acids. Such resins are reported as physically morn stable 
and faster in action than the other softeners mentioned. There is 
another group of resliia described as amine-formaldehyde, which 
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acliieTcs actual removal of the acifls just tnentioned. Thft mochanism 
is obsemVt but it may incltidu botli sirrfaco absorption, and reaction of 
tha acids "with the amiiic group. Besin treatjnent may convert an 
ordinary hard water into tfometlilng approaching distilled water. 

Katurully experiments have been made along these lines with sen 
water with the hope of being able to convert it into drinhing water 
for shipwoseked luarinere m apporattia small enough to l»e carried in 
lifeboats. The amount of salt in the sea makee this problem a very 
dillicult one and the solution ts not yet in sight. 

It seems clear that in these base exchangers the chemist has useful 
tools to effect the concentniition of email (Quantities of dissolved suh- 
rtancee. Some technical applications are already known, but we 
would illustrate what it is hoped to achieve by citing some results 
obtained with copper by Professor Furnas and R. H- Beaton working 
ati Yale. 

COPPER 

The ideal conditions using carbonaceous zeolites have been defers 
minetl. The ubaorption for copper is a function nf the ratio of cop¬ 
per ions to hydrogen ion concentralJona, or in more simple tanguagn 
there are ideal cimdiliona of acidity favoring the transfer of copper 
from aolution to zcotite. The collection of copper is complete and 
takes place at a rapid rate of flow of iho very dilnte solution ov-er 
the columns of tJie exchanger. The recovery of the copper when the 
aeulite is saturated is effected by fairly strong solutions of sulfuric 
acid. At the same t ime the zeolite is regenenited for anotlier cycle. 
There remains as dnal product a strong solution of copper sulfate. 

Putting the results in plain figures rather than in the form favored 
by the chemist, it apitfars that a solution whicfi contained 1 pound of 
copper in 6ADO pounds of water is turned into one of copper sulfate 
(Kintaiiiing 1 pound of copper in 6.8T pounds of water. To do this 
l.M pounds of sulfuric acid {100 percent strength) are necessary, and 
simple arithmetic indicates that 1 pound of acid perfor^ the same 
duty as die evaporation of 4,200 pounds of water. This illustrates 
the tremendoufl difference in energy retjuirements between the bate 
exchange process and evaporation for the concent ration of very dilute 
solutions and is evidence of the niiiqua posabilities of the usn of 

zeolitee. • - 

The Yale achievement of moreasing the cODCcntrabon of copper 
in dilute solutions la rivaled by that of the oyster which we must be 
prepared to treat with greater respect after learning that it gargles 
a barrel of water per day. Around the British Isles and In certain 
sections of the Atlantic coast oysters become green due to the forma¬ 
tion of a pigment oontalmug copper. The amount of copper winch 
an oyster can accumulate is variable; it varies in tha Cape Cod variety 
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from 0.16 to 0.34 mg. per oyster, and from 1.24 to 5.12 mg. per oyster 
in Long Island Sound, where the average is 2.5 mg. This last figure 
has enabled someone to calculate that in Long Island Sound the 
oysters accumulate about 7.5 tons of copper every year from the sea. 

The average content of copper in the sea appears to be of the order 
of 0.01 part per 1 million. There is more copper in the fresh water 
coming into Long Island Sound than in the sea; indeed, the amount 
there fiuctuates between 1 part per 1 million at high water and 0.5 
part per 1 million at low tide. 

Copper salts apparently have a peculiar effect on oyster larvae, 
Inducing their attachment to the substratum and initiating their 
metamorphosis. The result is that the best settling areas are found 
on bottoms affected by fresh water, whUe natural oyster beds occur 
mainly in the mouths of rivers. It has been estimated in the United 
States that 200 tons of copper are lost in sewage each year per 1 mil¬ 
lion people, together with 50 tons each of such metals as magnesium, 
lead, aluminium, and titanium. The 10 million people of New York 
City provide on this recovery ample copper for their oysters. 

Copper is well known as the metal in the respiratory pigment, 
haemocyanin, which is present in lobsters, shrimps, crawfish, and 
other shellfish and plays the same part as iron does in haemoglobin, 
the respiratory pigment of human red blood corpuscles. It is found 
in sardines, herrings, salmon, and other sea animals, and is obviously 
quite an essential element in marine life notwithstanding its lowly 
proportion in the sea. 

A considerable proportion of the trace elements seem to be con¬ 
cerned in the life history of marine organisms. Where there is plenty 
of an element the organisms flourish, where it is scanty they are ab¬ 
sent. When the organisms flourish they live their allotted span and 
die, their skeletons falling to the depths of the ocean and decom¬ 
posing into their constituents. Where there are vertical currents the 
trace elements are brought to the surface once more and there is 
renewed growth of organism; when there is no upward current a 
deposit is formed rich in the trace element. New reactions resulting 
in the formation of sedimentary rocks take place. We pass from 
the science of biology to geology. Some of these elements enter direct 
into the structure of the organism, others—in particular the heavy 
metals—are believed to be largely taken out of solution by absorption 
on the surface of the protopla^, a purely physical phenomenon. 
This applies to gold and silver, 

GOLD 

A matter in which the more credulous portion of the public is inter¬ 
ested is the possibility of obtaining gold from the sea. Gold is said to 
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bo presoLt to the extent of 1 pfirt in 1 hilliEm (1 mg. per cubic meter), 
but the Hnber expedition found vciy much smaller nmoimti^ifteij 
none. Gold IiclS actually been eximcted from the sea during a month^a 
working at one of the American bromino plants, but Uie cost of doing bo 
was several times more Lb an the value of the gold and it TiFOuld appear 
that it will always be dieapcr to mins gold in SoulU Africa and else¬ 
where even when die pnisent mines are exhausted and the reefs have to 
be followed deeper into the earth at an mcreased cn^t of pncMluctiom 

Gold IS pi-obalily one of the elements which does not stay in the 
sea, but is being removed by absorption onto tbe surface of organisnis 
and token down to tbe bottom. In agreement with this the bottom 
i-ludges obtained by dred^ng in certain localities contain very much 
larger quantities of gultl than there is in the sea. Indeed, the amount 
ia most variable; e^imates in tho literature vary from £3 to IjJOO 
tons of gold in 1 cubic mile of eea. 

One may perhaps answer this interesting quitaiion by saying that 
gold will continue to be mined rather than won from the aea, particu¬ 
larly since it has few ue^ oUierihaii as a dnancial token. 

IODINE 

An dement of universal distribution in air^ sea^, and land ia imljne 
ivhicli is of fimdaiiipntal i£D[>ortancB alike to man, animale, and plants* 
it is a constituent uf die tbyroid gland and if we ]ark it in siiDicicnt 
quantity wo oro oiQjoted by goitre. Many marina plants have tha 
pt.»w’er ijf concenl rati rig ii, thus the dry matter of deep-water sea¬ 
weed, such as Laminaria^ contains as much &s Q.5 [>erceiiL ludjne was 
in fact first discovered by Courtois in ISll in tho ash of sea kelp. 
Kelp, nr FffnecA aw it jgcaJle^l in France, has l>Ben used for many yearrt 
for tho commoreiol extraction of iodine even tfiougli dii:^ pmedee 
cannot compete economically with the production of iodate from the 
caliche in Chile. Certain coml speciee are eaid to contain up to 8 
poi'^nt of iodine and it is of interest that it is present both here and 
in the batli s|K>[igi^ in tho organic state ae di-iodo-tyrosine. 

The question of the form of iodine in the lirea is still indefiuiter it 
luay well lie organic. The aea cold a ins (KCMH |ieroeni and le mucb 
richer in this rarest of tho halogens than the land. It is obviously 
in a continual state of change, Ijeing oxidjacd and reduced, and iiobs- 
ing into marine plaiibs and sninials. When the seaweed moves lazily 
to and fro at our feet large quantities of iodine are being withdrawn 
from circulatlun. Some of it ia conijiantly being lost through vapori¬ 
zation into the atmosphore, mid this is why people living sufficiently 
near the coast, as the great muioritj of the jHipulatlon «f this island 
do, do not suffer from goitre in thu same way as the population of tbe 
great central plains of the United States. 
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Tho Msenic in llie «ea exists apparently in orgamo fomi and] like 
iodine, ie coucfiiitratcd in. animHla and plants. The lobster baa 40-^0 
parts per 1 jniilion and Latnin-aria twice as murh. 

There are many points of intereet eonnocted with the calcimn in the 
sCA^ in fresh, water it is the mcist abundant of the threa cations cal¬ 
cium, miigneaium, and sodium \ in sen water it is the least Rbundnnt 
as all the time animals and plants are removing it, a fact to which the 
white cliffs of DO’rer bear abundant tcatimouj. It is related to the 
carbon dioxide content of the oceans which is s»ome 16 to 30 timos the 
amottnL present In tho atmosphere, and it may bo well that the carbon 
dioxide content of the air is regulated by the oceans acting as a rescr* 
voir. There is a continual exchange Ijeiwcen the air end the surface 
of the sea which, among otJier things, controls the acidity of the aca 
water to which much of the life of the ocean is scutcly sensitive, 
F'lirther, in the sea. as on liunl, plants use carbon dioxide as the basic 
source of carbon for the building up of organic compounds 

When Ihft carbon dioxide in solution in sea water is rediiceii, the 
conditions arofavorebleforthc deposition of calci um carbonate. Tho 
building of ahclls faj animalfl which live on the sea bottom and of the 
smallest Protozoa is an interesting subject. It accornits for an an¬ 
nual deposition of 1,400 million tons of coicium. Shells are of two 
classes, those containing calcium carbonate alone or with mapiesmin 
carbonate, and those containing calcium [thusphate. As yet wo have 
no clue to the reactions Involved in building shells. One minor point 
is that in tropical waters the peroeniage of magnesium carbonate is 
higher. 

The relative abundance of the alkaline earths in the sea in the order 
strontium, barlucn, is about 4000:100; L The temperature of 
the water may also have an effect on the presence of strontium in¬ 
stead of, or together with, calcium in shells. In very cold waters 
strontium may replace calcium and there is a report of a radio! arian 
from tlie Antarctic whose shell is composed almost, entirely of stron¬ 
tium carbonate. In ntlier sheila both ore presont in much the same 
profHirtion as that in whicli they occur In khu water. 

The sea is tJte greatest potential source of rew materials. It con¬ 
tains traces of every' element ready to hand so that marina plants or 
animals can adapt them to their purpose. Thoro is tnio symbiosis be- 
twe«ti animal, vegetable, and mineral. Onr apiiruach to this subject 
has been from the mineral aspect, to ascertain what minerals can be 
economically Won from the sen in competition with land sources of 
tho same materia 1b deimeilcd in bygone genlogic ages. The sect gives 
us a great quantity of food in fish of all kiiid& The study of these is 
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AS iinportant brancli of ecioncej for it is certam tliAt in Umm to coma 
we ^luil nob only require more bub make better use of the catch^ 
The great medicmal Talue of the liver oils as a soun^e of vitaminft m 
etj exanipla. Less use is so far made of seaweeds, but here also re¬ 
search is begirmiDg to show that novel and perhajm neuful and valuable 
aubst&nces ora present, end before long there wilt have been worked 
out methods of harvesting the weed and fabricatiiig clivarwa products 
from it 
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5rnitb«ofii«n Report, 1^3,.-ArnwtronH PLATE 1 



The bromine Plant cf the Ethvl-Dow chemical Company of America, 
frciiii Rt^iwiin^s Ui InnrKtmlt- CJioniliJtry/’ )>. Apploion-tVntury Cn., NVw’ York.) 
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Plate 2 



1. Settling Tank. Which has a Capacity of 2,000.000 Gallons of Water 

AND APPROXIMATELY 1,000 TONS OF MAGNESIUM HYDROXIDE. 

(rounesy of British Ppriclasp C 04 



2. The Rotary Kilns, Which are 160 Feet Long and TO feet in Diameter* 
EACH Burns Approximately 300 Tons cf Magnesia Per Week. 

(Courti^y of British PiTioJast- CoJ 
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Plate 3 



A Refinery in south Palestine. 
(Courtesy of Palestine Potash. Ltd.) 











Smitiuraikn Rfiport. 1943.—Arratrons 


Plate 4 



Evaporation pans in the Palestine potash Plant. 

(Courtesy of Paliistlne Potash, Ltd.} 











PEOGRESS IN NEW SYNTHETIC TEXTILE FIBERS * 


By Hebhebt B. MAUER6Bt^i:E 
Technical Editor, Raffon TextUe Monthly 


It is again my privilege to report on the subject of Progress in New 
Synthetic Textile Fibers. My previous report made on October 17, 
1940, has been reproduced in the General Appendix of the 1941 An¬ 
nual Keport of the Smithsonian Institution, showing that our Gov¬ 
ernment takes cognizance of our activities in identification, nomen¬ 
clature, and technology of our new textile fibers and materials. It 
also appeared in the American Society for Testing Materials Stand¬ 
ards on Textile Materials.® 

The information in the present paper is an addition to that given in 
the previous one. Much of the previous information is today quite 
inadequate, so fast has this industry grown and these developments 
taken place. My information has been obtained from sources be¬ 
lieved to be authentic and reliable. Some of these developments are 
already well known and are only included for the record 5 others have 
taken place quietly and may have escaped notice or attention. 

Some of them are gigantic and could be dealt with at great length, 
which is not permitted here, whereas others are still in the formative 
stage and data must be withheld owing to the war. No matter what 
your own experience is with these individual fibers, or what your opin¬ 
ion of them may be, remember at all times that practically all these 
fibers, yams, and materials are custom-made to meet any dom^tic 
technological demand that may arise. Their versatility of use and 
flexible properties have been of tremendous value in the war effort 
and will be after the war. 

IMPOBTANCB IN WAS EFtOBT 

Even in your fondest dreams could you imagine that insect and 
mosquito screens could be woven actually better with a synthetic 
monofilament yam than with copper wire? Again, just imagine for 
a second where we would be in Urn war if it had not been for nylon 

»Prewnted at tht Marcti 1943 m€€tliig of Committeo 0-13 on Textile Material#. Eo- 
printed by petmlsvlon from Amer. Soc. for Tearing Materlala Ball. Ko. 122, Mar 1943. 

■ Abatracted In Ame?. Soc. for Testlnf Material# Standard! on Textile Material b, p. 33ip 
October 1941. 
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parachutes and ehroud lines, high-teuacity rayon bomb chutes, 
“Hubblfil” life preservers, Vinyon screen printing cloIhE, nylon tooth 
brushes, rayon paint brushes, and Velon or plostio-ooated wLadow 
screens If 

These certainly are not laboratory or exmental ghosts or guinea 
pigs; they are absolute realities and acoomplished iactsi A fine 
tribute to American ingenuity and the product of arduous and [wr- 
sistent research by Amer ican chemists, diomical engineers, and tech¬ 
nologists. 

Time and space limitations preclude the inclusion in this paper of 
matiy technical details, and odIj the most important and outstanding 
advances in new synthetic fibers can be given. Only those fibers 
that liiive gone t]eyon{l the exjierimeutal stage and are in actual pro¬ 
duction now or will bo immediately after the war are dealt with. 

Nothing new or of interest can be reported on nylon, hbroin, fibers 
from corn, diitin, o^in, lichenin, Iceland mo^, alginates, or agar- 
agar. There are, however, developments of great Bignifioanco in the 
protein-base fibers such as casein and soybean, which have been de¬ 
veloped to a considerable extent in the past 3 years, Tliere baa also 
been a rapid advance in the vinyl resin group and in the thcimoplostie 
resin groups. 

TmaiMOPLAS'nc aESDtg 

When Dow Chemical Co. produced aaran in 1DS9 ^mEntioned only 
briefly in my 1040 paiier), no one believed that it would have any 
significant possibilities in the textile industry. Jt has seen many new 
textile applications since then. 

The raw materials for these monofilament yams are a group of 
rcsiiis from u n i^mmutrical dichlorcthylcno, known as vinylldene 
chloride recsliia, made from petroleum and brine. Ethylene is made 
by cracking petroleum, while chlorine oomes from the electrolysis of 
brine. Tliey are combined to form trichlDrcthaae, which is converted 
with lime into the vinylidene chloride monomer. This product can 
be readily po]ymeri 2 ed to form the long-linear'Straight chain poly¬ 
mers. By careful selecdun of copnlymere and control of the poly- 
meriaatton conditions, many different polymers cim be fonned. These 
resins range from a flexible, moderately soluble material, having a 
melting point of about 138° F. to a hard, tough thermoplastic, hnviug 
a softcmTig point of 350* F. or more. The basic resin is odorless, 
taetelees, and a nontoxic powder. 

One of the several methods of eitnuion is the one of crystal orien¬ 
tation, which produces long oontinunus monofilaments, tapes, bonds, 
and other shapes. The oriented form is produced by extrusion, sub¬ 
sequent plastic deformation as by stretching, and heat troatmeuL 
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Tlie nmt^ial nifty heat treated after or during etretch.mg to affect 
the deKim] degree of cryatallization* It produces mouodlaiueat y&rni^ 
of considorablo toughness and Lenaile strength j nbriision r^^sistancei 
and ehemical resistance to water, aclds^ cJkaliE^^ and many organic 
solvents. 

Little of textile interest was done with theae yarns until Mr. Steil- 
man, of Firestone Tire & BuldH^r Co*| Akron, ObiOi took up the 
dBTelopment and gare the name ‘Tdon” to these producLw and estab¬ 
lished the Veloii Department. A unit for production was set up at 
die WorldWtos Plant in Patersoii, H. J., where monodlotuent yarns 
are being made as fine as 0.007 inch in diameter running from lOjOOO 
to 12^(K» yards to the pound. EEperiments for the extrusion of 
yarns are uiider way and it is expected that yarns as 
fine ns 100 denier can bo produced eyentually. 

At first, flat cuhtiiiMoLis hands were made to imitate rattan m the 
aeat covers of buses and subway cars, and next^ i^ticietop fabrics were 
woven for evening and sport eboesi using the Velon threads as warp 
and cotton yams for filling. 

As EQOji as roimd, monofilament yams of sufficient fineness ware 
produced, Mr, Stedman interested August Hafner, president of Haf- 
ner Associates, who is a well-known spceialty and cxpcrimentiii weav 
ing exj^ett in this country^ to work out the textile possibilities. Mr 
Hafner could see the potential]ties of these yams ni and sug¬ 
gested their use for haiulbag, trimming, and millinery fabrics of un¬ 
usual color, design, and weave varlatioiis. 

Thrn catna the war with its restrictions on copper, steel, aJuminum, 
and metals in general* Tins bmtight about replacements of metals 
in making mosquito and fiy screens. Thi^ fiy Rcireens are now made 
successfully wifii vinylidene chloride resin yams in 16 by 16,12 by IS, 
and even 20 by 21 mesh. Window Korean? made from this ynm ar^ 
supposed to provide better vision due Co tbcir greater transparency. 
At presentf It is restricted for civilian use and its applii:ation in dresB 
gooiis anti wearing apparel will have to await the end of the war. 

NEW ELASTIC YINYON E 

Lato last year, the Vinynn Department of American Viscose Corpo¬ 
ration in addition to Vinyon filomtud yarn^ explained in my earlier 
poper, offered a new vinyl resin yam with considerable clastic prop- 
ertics known as Vinyon E. It niany chantcterlstica of rub¬ 

ber and opens an entirely new field of applications. For some pur¬ 
poses it has been found supericir to rubber, becausa it has exhibited 
better resistance to sunlight tropical heat, and humidity and is not 
affected by body acida. At pr^ut it la restricted to niilituiy uaes^ 
where it replaces rubtx:r* However, after the war we will see many 
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textita applications sdcIl 05 elastic webbing^ tapes^ cords, girdles, 
bragnierf-s, surgical fftockingB, suspenders, and supporters, and many 
artidea now tuada of spon^ rtihbt^r, 

CA&EDJ FIBCH 

The next remarkabk development has been in casein fiber. The 
National D^iiiry Products Corix>ration furUi^r developed and made 
rwjimrkable progress with its trade-named product “Aralac;” The 
compajiy Um now forrued ArHlac^ an entirely new diviidoi) of the 
Natioiud Dairy Profhicts Corpomtion, widcli has mcneased it^ pro¬ 
duction almost eightfold dnee 1940. 

TJie original 4,0C^-pouJid-a-cIay phint nt Bristol^ R- I.i was moved In 
July 1041 to Taftville^ Conn^ with an output of 15^,000 pounds p^r 
clay. The productj. originally used by the felt-hat trade* was then 
invest igated by teitlle manufacturers. Hie adveut of the war with its 
WPB restrictions on civilian wool use boomed interest, in Aralac, eo 
that in 1942 the plant capacity was doubled to 30,000 pounds per day. 
The felt usage being relatively stable, a much larger percentage of this 
filler now goes to the textile trade, 

Aralae is offered in fineness eorresponding approximately to SO^a 
CO^Bj nnd 70^s wool grades and in stiple lengths from ^ to 6 inches. 
Specialty include fituffLng for pillows, comfortera, and quilted 
goods, interlining for cool-weather gumtejibj, and protection for 
mi lady’s liair^ wb«^n it h given a permanent waix. The last-mentioned 
is in the form of a highly crimped comheii top, and is known under 
the trade namu “Wavecrepe/^ 

Casein, the basic raw material from which Am lac 1$ made^ is a by¬ 
product of iha milk induatry. Notional milk producrlion is upward 
of llT billion pounds of milk annually. About 50 percent of this k 
iikjiiiined for ita cream. The skim milk thua formed yields over 
1 bidion pounds of casein a year or over S million pounds of casein a 
diiji }\ pound of caaein making roughly 1 pound of Aralao fiber. 

Casein fiber, unlike nylon, Vinyon, and acetate rayon, is made by a 
wet spiiming pi'Ocess, somcwlmL idinilar to viscose rayon. Even the^ 
two prvices^ are similar only at one point, namely, the extuiaion 
tliruugb a apinncrctte into a coagulating bath. Before this point, 
the Aralac process is much simpler than viscose; afterward, it is 
many times more complii^iited. ^e casein is dispersed in water by 
means of an alkali ; the disperdon is clarified, spun, coagulated, and 
the tow treated to giv* the filaments flexibility and hot-water resiat- 
anco. The fiber is then washed, dried, cut to ataple length, and baled 
for shipment to textile mills. 

The properties of Aralac are in eomei ifiRtaiuw rimiliar to those of 
wool and it is being used entirely in mixtures with w ool, rayon, and 
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cottofi fibers. It is not affecLtH] fay argiinic solvents. It is not tfasnno- 
plostic below efaarring temperatures. It withstunds sulfuric-acid car¬ 
bonization as welL lui wool. Its nlkiili resistance at higher temperatures 
Is somewhat lower, so low temperatures and mild alkaline or neutral 
detergents are reoommanded for fwouring and washing. Considerable 
research has been done on dyeing this fiber and tbe dyeing problem 
is DOW wdl in lumd. 

Uniformity has made rapid strides and is now well under control. 
Being an animal base, it bums wUh the same odor and bead formation 
oa wool and silk. Its strength, both dry and wet, is the iiame oa last 
reported, about GO and 20 percent, fuApecLively, tlmt of wool. Regain 
at 70* F. and 65 percent relative humidity is 12.6 peicent. Commer¬ 
cial regain Is est^iblislieil at I ft £>eTioent. 

The largest textile use of Aralac at prci^iit is In dreon gimds, but it 
is expand)tig into other uses, where a resilient, lofty hand is desired. 
The hat trade absorbs large quantities and jimctunihy every lunn^s felt 
hat in this country and Canada, which has been made within the past 
ft years contains some Amlac fiber. 

It Itwks as if this fiber will go far, especially under present war 
conditions and with pressing needs for fiber com^rvation in the textile 
uidustry. 

SOTBBAN FIBER 

Ford Motor Co. of Denrhom, Sllch., has conwdenibly enlarged 
the production of this staple fiber which was explained quite fully 
in my 1240 paper. The company haa now given this staple fiber 
the trade name ^‘SoylOQ,^ and I understand is offering it, to the cotton 
and wnreted spinning, weaving, and knitting trade in volume- Bobert 
A. Boyer has been in cliorge of tills development at Dearborn and 
reports that the new plant has now reached 5,000 pounds a day or 
1,825^)00 pounds annually- All niBcbinery and equipment were 
designed by Ford engineers and are supposed to incorporate the 
latest maas-prcKluctiDU principlea and devicea,* The fifanr has bceu 
improved in strength and other physical, cLemical, and microscopical 
proportiesL 

l>ElANtJT PKCTELN FIBER 

It appears that casein of animal origin and any bean of vegetable 
base points to the future use of other vegetable proteins fer textile 
fiber uianafacture. An instance is a textile staple fiber from {.leaiiuL 
protein. 

Reports indicate that Imperial Chemical Industries, Ltd., of Glas¬ 
gow, Scotland, has done conoldarable research work, and D. K. Baird 

* StBO* dtitnrr At UU* ataar ^oie SIaim Co. tuii hIC tUi coUrc tAulpottat W Tli« 
Unchett C«, ct CladwiaU. Ohio, tod luf dlMoattnocd Ui* nuuiurActun aF tbls JUht. 
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of tho fiboTC company brouglit a sample of peanut protein fiber and 
cloth (made of 50 parla peaiiuL fiber and 50 parts wool) to this 
coimtrj in 1939. 

I am informed by the Ne'^ York oCRce of Imperial Clietnical In¬ 
dustries, Ltd., that this work is at present still in the eiperimental 
stage* There has been no commercial development of the fiber in 
England or m any other countTy, neither could they state when such 
commercial development is liiely to be achieve. 

TLin only public knowledge of this work is in United States patent 
No* £^30,624, applied for on February 4^ lOSO, and granted on Febru¬ 
ary 4, 1941, to Andrew McLean, SaltscoatSi Scotland, and assigned 
to Imperial Chemical IniduEtries, l^tiL, England. There are seven 
dainis. 

From what I have Been in very small aTtmplfis the fibers have an 
exceUent appeaiimcc, are softer than wool and fine, and take dyes 
even better than wooh It might be stated alsio that tho above 
company has prodiiciMl ^satisfactory fiber from castor seed and edestiih 
u crystalline globulin found in many edible B&rda such as wheatj 
rye^ maissc!, etc. This indicates that we may ace more of these 
protein fibers after tho war, 

PLASTTCCOATED TEX'TILE TAItNS 

Another uniismil development, which has gone forward quietly and 
is now aasumijig considerabic proportions and importance in the war 
effort, is the coating of cotton, ray on j and fiber-glHsa yams with in¬ 
finitely fine cnatings of plajrtic solutionfl to give them added and almost 
unlimited strength, brightness or dullness, color, to make them com¬ 
pletely waterproof and moisture-rieeistant, flame-retarding or self-cs- 
tingukliLiig, or to make them resistant t<i mild aetda, p^rspiratinni oil, 
and grease, as desired- This may seem difficult of accompUslimcnt but 
is now a rcfilil y and has found many interesting and technical applica¬ 
tions in the textile industry. 

It is the invention of two Frenchmen, Roumazeillea and Girard, and 
wag patented in France In 19^5 and in tlie Uni ten;! States in 19B0. The 
jVmerican patent rights to the now^:alled Pieaon Proce^ were pur¬ 
chased by Frcydberg Bro^-Strain^ in l9SSp The firwt Pieaon yams 
were introduced here in 1939 after making many improvements in the 
methfidH and machinery required. At first, quite expensive, the speeding 
up of tho process and finding suitable and pructical plastic formula¬ 
tions reHuhed in price reductions, which now brings these yarns within 
reach of many new applications. 

In 1942 the entire procedure was revamped again, both as to rna- 
chine construction and speed of production, su that today these yarns 
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aro made Avg limes aa fasL ns on (Jie original Frencb machine, a tribute 
to Amerioan engineering practice and gmius. 

It is possible by liiia prtKiess to apply as few coat ings as G or as many 
m 34, depending on the ultimate use of the tbi-ead. It w pt>ssible, for 
instance, to make a pLn^Lic-coHtad yum as fine as 0.008 inch in diameter 
and up to approximately 0.0® inch m diniueler^ Tlie diirienaioTi of 
the iincoated yam could be almost anjtliing within this range. It is 
possible to get an absolutely round thread by using graduated mund 
disks. It ig also po^^^ible to obtain different shapes such elliptical, 
triangular^ or square threads by using dies ahaped to tJjeae fornix The 
proee^ also enTisions the nppUcatiun tif phn^Lic coalings nml impreg¬ 
nations to flat tapes, bands^ cords, and even wires* 

In addition to shaping tlie cuatiJig, tlie yama can miide in varions 
finishes. They can bo made stiff or soft, or any graduation in between. 
They can be made tiansparent, transluowt, or opaque, sntootli or rougli, 
by changing the plastic coating. Color ranges take in the enlire scope 
of pigments available, the current color liziip. conf^iKLing of mure than 
ISO different shades. Such plastic-coated yams con be made com¬ 
pletely waterpronf, moist u re-resistant, vertniiiprcKjfj wealherjn'oof, 
rotproof, flameproof, as well m resistant to mild acids, perspiration* 
oil, grease, gaaoliiie, and even to withstand extreme!» nf tempenitures 
OS in tropical or Arctic climates. 

Such plastic-coaled yams can be and have been woven, knitted, 
braided, twisted, plaited, or crocheted into many types of slieor and 
dresg materia la, drapery, auto iipholEdeiry, slip covera^ curtains, hand¬ 
bags, and shoe fabrics A notable contribution to the war effort was 
made by developing a epecial type of coated yarn as a complete sub- 
fttjLnte for steel and copper wire in the weaving of insist and fly screens. 
Through intensiye research a Pkxon wire yam was perfected* which 
used noncritxcal materials both in the support (a cotton yarn) and in 
the chemical formulation of the coating. A stiff, ivirelike mated 
cotton yarn was introduced to the insect-screen industry, woven on 
ordinary wiit! looma W'it bout many change-overs or adjii!^t[ncnt& The 
resultant insect screen was tested by the National Bureau of Standards 
and found completely satisfactory. Tli-ene screens will not ni=ty ran 
withstand high tropical temperatures, and require no painting, Jac- 
qusriiig, or brushing, and are in actiiii.1 use now. 

Wliile there are several other developments, most of these ere in the 
formative or experimental Etage^ and they may mit tiear fruit nntil 
sometune after the war. However, they bear watehiug. It may be 
pointed out here that jilmerica at this rate need never again experienoe 
a sliortage of textile fiberK will liave a greater diversification of 
fibers for every purpose, demand, or use after this war. 
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NEW CLASSIFICATION OF MAN-MADE FIBERS 

Concurrent with these facts given in this and my previous paper 
and as a summary thereto, I wish to present a new classification for all 
man-made fibers, which, I believe, will aid in clarifying this picture 
and serve to place the fibers in a logical grouping. 

In the past few years, it has become more and more apparent that 
the word “synthetic” is not the best or an all-inclusive word for the 
fibers I have discussed but has been used for lack of another or more 
suitable word or words. It has become very clear to me that we have 
now two distinct types or groups of man-made fibers. 

One large group ^stinctly derives from natural sources such as wood 
pulp, cotton linters, cow’s milk, soybeans, peanuts, and silicate glass. 
I should like to term these “regenerated natural fibers.” (See fig. 1.) 
They are not really synthetic at aU. The dictionary defines synthetic as 
“of or pertaining to synthesis” and again syndesis “is the art or 
process of making a compound by combining elementary ingredients,” 

Furthermore, I suggest tliat these regenerated natural fibers be 
broken down into three distinct subdivisions according to the bases 
from which they originate, namely, (o) cellulosic bases, {&) protein 
bases, (c) mineral or inorganic bases. 

Under the cellulosic bases we have, first, the viscose and cuprate; 
second, the cellulose esters; and third, the cellulose ethers, all in fila¬ 
mentous and fibrous conditions. 

Under the protein bases, we have, first, the animal protein fibers, 
namely, casein and Aralac; and second, the vegetable protein fibers, 
where we have soybean and peanut fibers and others. 

Under the mineral or inorganic bases, we have fiber glass (filament 
and staple) and the mineral wools, such as rock wool, glass wool, and 
slag wool. 

None of these products or fibers are made by true synthesis, there¬ 
fore should not be termed synthetic fibers at all. I should like to 
recommend that we drop the word “synthetic” entirely for this group 
at least. I merely suggested the words “regenerated natural fibers” 
because to regenerate means “to produce anew, to give new life, 
strength, or vigor to, to reproduce.” Is that not exactly what we do 
with these fibers! If someone can think of a more appropriate word, 
I should be delighted to substitute it for the above. 

In the second main group of man-made fibers belong all filaments 
and fibers produced by a combination of elementaiy' or complex chemi¬ 
cals through synthesis, polymerization, copolymerization, beat treat¬ 
ments, stretch and setting operations, all of which are complicated, 
strictly chemical processes. Such materials as nylon, Yinyon, saran, 
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V«loD, and ^^nthetio rubber jams belong to this group. I ^ou!d like 
to suggest the words "synthesized fibers” for this group, instead of 
synthetic fibers, although the latter could be used here justifiably. 

This second matu group 1 should like to subdiride, for the present at 
least, first, into the polyamids, which cinjer Du Pont^ nylon filaments, 
staple fiber and bristles; second into the polyesters, which cover 
Vinyon filament and Vinyon'E, the new elastic yarn; third, into the 
thermoplastic resins, under which would come saran, Velon, Permalon, 
and otliers; fourth and lost, the hydrocarbons, which are to include 
all new synthetic rubber filaments, threads, and cords in full develop¬ 
ment now. 

This classification separates the main products, and subordinates 
none. I recommend it to you for consideration. 



PETROLEUM GEOLOGY^ 


By WnXEAM B. Heeot 

Director of Foreifpi Produeiiony Petroleufn Adminiitration for War 


•tntroduction 

Among the various substances which are found in the earth’s crust, 
petroleum and natural gas occupy a unique position in that they are 
combustible fluids. The highly distinctive and interesting properties 
of petroleum would alone have led to close investigation of its origin 
and occurrence, but its widespread distribution and great usefulness 
to mankind have made it the objective of many lines of scientific 
research and have gained for petroleum geology a leading position in 
geologic science. 

The geology of petroleum may be considered from either of two 
standpoints. In the field of economic geology it has become one of 
tlie most important branches and has attracted to it the largest group 
of specialists concerned with any mineral resource. Apart from its 
economic importance and in its proper relation to other divisions of 
geologic science, petroleum geology may be regarded as a branch of 
sedimentary petrology, coordinate with hydrology or the geology 
of coal deposits. 

A distinction may be made between the science of petroleum geology 
and the art of oil finding and development. The latter lies in the 
field of applied science or engineering. The line between the two is 
not sharply drawn, and tlie association between the science and the 
art is so intimate tliat the advance of both has been hand in hand. 
The need for advancing the art has stimulated the progress of the 
science. New scientific concepts have soon been tried out in practice. 
As a part of a survey of tlie advances made in geologic science during 
the last half century it is fitting that this account of the progress in 
petroleum geology should emphasize the scientific rather than the 
engineering aspects, and the writer has approached the subject from 
that direction. Geographic distribution of petroleum deposits and 
other matters which are primarily economic in character will not be 
considered in this paper. 

»Reprinted by permission from Flftletli Anniversary Volmne. Geologleal S<M!lety of 
America, June 1041, 
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Petroleum geology is, in point of age, one of the younger divisions 
of geologic science. It has not attained the senatorial dignity of 
paleontology nor even the maturity of the geology of ore deposits. 
It spans but little more than the half century of American geology 
that this symposium commemorates. Some eminent living petroleum 
geologists were born before the first oil well was drilled in Pennsyl¬ 
vania in 1859. Petroleum geology is still making the rapid strides 
of youth. 

The writer is faced with difficulties in making proper acknowledg¬ 
ment of his deep indebtedness to his professional fellows. The ideas 
of others have been incorporated in this ^ftiper without hesitation in 
an endeavor to present as completely as space permits the progress 
and status of petroleum geology. Where the writer is conscious of 
having drawn on specific sources he has endeavored, through appro¬ 
priate reference, to give due credit. If, unconsciously, he has failed 
to do so, indulgence is asked. Grateful acknowledgment is made to 
Dr. L. C. Snider for constructive criticism. 

PETROLEUM GEOLOGY IN 1890 
CnNERAL CONSIDERAllONS 

In the geologic world of 50 years ago two men, Edward Orton and 
Israel C. White, were the foremost authorities on the geology of 
petroleum. Both were original Fellows of the Geological Society 
of America, Orton having served on the committee which drafted the 
constitution and White on the first committee on publications. The 
first paper on petroleum geology published by the society was by 
Orton (1890), and, in the discussion of that paper, Dr. W J McGee 
(1890), of the United States Geological Survey, paid the following 
tribute to the work of these two men; 

But wltliln Uie past 8 years the laws governing the origin, distribution, and 
pressure of rock gas have become as well known as are the laws governing 
artesian water supply; so that today the geologist prognosticates rock gas nearly 
if not qnite as definitely and certainly as be prognosticates artesian water; and 
It is not only Just to our associates and to American science to say that this 
great advance In geologic science was due almost wholly to two of our fellows— 
to Professor Orton, the author of the communication before us, and to Professor 
White, who has already sitoken upon it. To these men we are Indebted for this 
unparalleled stride in American geology. Others, Indeed, contributed facts, but 
they philosophy; and science was immeasurably enriched by their contribution. 

To the papers of White and Orton one must therefore turn for the 
ablest presentation of the geology of petroleum and natural gas of 
that day. 

Peckham (1884) had compiled for the Tenth Census a summary of 
the previous literature on the oripn and accumulation of petroleum, 
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ljut U reaiaitied for Orton (1888) to publbh tlie Qr^t treati^ which 
criticallj tJtudied and cmnpared the oridoncc and roEiched consistent 
conclusions on this &ub}OCt, As this report best prewents the state 
of knowledge of petroleum geolojjy aa of 50 years ago^ its conclusions 
will be Mtensivelj quoted. 


DBIOXN 

After reTiewitig the various theories that had been advanced by geol¬ 
ogists and chemists to account for the origifi of petroleum and nutuml 
gas, Orttm presented the following summary (ISBfi, pp, SE) i 

1 Is derived from orfiaalo matter. 

2. It lamucli more largely Oertr-ed from v-pgetnWe tlmii from naimsl snbataneet 

3 . Filrolflnm of ibc Fetio^ylvaala type is derived from tte or^milc miitier of 
blrmnloDiut Ahalea and 1 b of Testable orlgla^ 

4r Petroleoia of the Camida type la derived from llmestonei^ and la probably of 
aainial Origin. 

&. Petfoleuiii baa beta produced nt nomiHl mik tempera tares {tn Ohio fields) 
and ]M uot a prmluct of destructive dlsilHatlon of hitumlnDTis nbales. 

0. The stock of pctroleoin in Uic rocks Js alresilT practically cumplciC- 

After showing that petroleum ib aUnost universally present in small 
quantities tliroughuut the limestones end shales of PHnnsjlvania and 
Ohio, be concluded : 

It U obrloas that the tatal amodat of petfolcam In the rocks mnJerlying the 
Surface of Ohio 1« large heyond compatatlod-p bai In Its dlfftuied and dEatiihatcd 
It is enHrely wlthonc velae. Ii must be cccumulnted la roefca that aerve as 
rafierroltK before It becomftj of economic Interest. 

m::siutvoiit3 

He then summarized the existing knowledge concerning petroleum 
itiscrTOirsL As to sandstone reservoirs, he cont rawted those of Penneyl- 
vaniti^ as described by Carll, with those of Ohio. The Venango sands 
of Pennsylvanht were stemdstones of medium or coarsB grain, or even 
in Kome eases eonglomeratee, ranging frum a shell ic 100 feet in thick- 
ness. The productive helth; were found to extend in length for a score 
or more miles in some cases, while their width was confinetl to I or 2 
miles. The ressorvoirs were lenticular in tmusvetse section* The 
coarser the sand and the more npen, the greater the aniount of oil; and, 
in like manner, She thicker the stratum, iha larger was its product]on 
likely tn be, other things being €N:]uaL The sandstone reservoir of east¬ 
ern Ohio was “a stratum of sandstone that i‘ests on and is covered by 
sliales, but the stratum, so far from being lenticular in character, b 
wonderfully persistent, though varying in thickness and grain from 
point to point and occasionally nearly disappearing for i^orfc ^aces," 
Ho concluded hie rtniarka on sand^onaa as reservoivs with the 
following; 
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In all of Uicw aelda [FeciiuiylTBDtH, N<'w Torkn «ud Oa^tcrn OhLo], without im- 
porffitit 4^a'pllou atnncMoD€fl In uhale^ have pruve^i tn tie the reevrvolm 

of oU and euii when the lutter found Ui iarge qDiintltj, The overljlng ahnlo 
ie thu cover or roof of rhe rts^ervolf s Ihe nniJerlylDg shale appears to he the ooureQ 
from whirb the hlttmainous pniducLB itre derived. 

As to limestone reueripoirs, Orton was mote fully infurmed tliim any 
geologist of his time, in view of hb Etuilies of the Trenton. The fol¬ 
lowing is (jufitKti from the same report (p. flG): 

The Dmestoiic luu b«rn penetrated for itbout $50 feci wltiiinil being extanneted, 
Thrati^h tuewl, If not all tif lia ettfnt. It Is petrol Ifennu, ns Is ahown by the 
drlllTitgs. hut the acciunnlnted stoeha of betb oil aud $as are niwDje found In the 
tippcrtnost beds of the airnttim, aod ficneralJy not mon: ttann T5 fwt below Its 
optier snifHce. • » t Xhc oil roehcurrlei, at a lower level thon that In which 

the oil la found, but sontcclmea Hiinaerouvly near, a brine of unnauAl chnractet. 
It hna, In fftet, the coiuposlUon of a bittern, or n water left over ftiim the con- 
centratlnn of ordinary brine, • • • The facta na to the occurrence of oil and 
gafl tn tbia fitratum iiwjni reconcllehTe with the theory that they hart risen tbrnuEb 
the linicatooe rvck nntll they And thcmficlvca arrested Id their aaceat by the 
ovcrlylsg abalea, and their accumuiatlou therefore takes place at this point 

FEaMxaniMTT 

Orton had noted the diffarejice in permeability of these main classes 
of oil reaenroirs and also the raria ti ons which occ uired incaclu Ithad 
been early establiBbed in Pennsylvania that different pottiona of the 
oil sands communicated with eouie ilegi^of freedom, for adjacent wells 
were found to affect each other% yields. As un example, ha cites the 
Bradfoi-d aund and its ilirision into gas, oil, and salt-water 2 ones, the 
gas holding the highest and the salt water Llio lowest levels, and found 
“tlw eoriclusinn well-nigh irresistible Uiat the entire rock la pcmieahlo 
and that, in the course of ages, the various con tents have been differenti¬ 
ated OB wo now find them, under the infiuence of gravitation.” In con¬ 
trast, he found that in other anms **lliere was no necessary and absolute 
connection between different portions of an oil sand”; the stratum 
might liB divided intft letit iciilar masses which might be nearly or en¬ 
tirely disconnected, “The rapid rhimgcs in thickness of the oibsand 
in adjacent wells fumisheH conclusive proof upon tins point. We can 
follow the stratum down to a feather edgw by these records." In the 
Perea sand of ca.stern Dbio he observed that such interruptions occurred 
frequently. “Communication through a few square mili^ of the rock 
can be occasionslly inferred, but beyond this we have, thus for, found 
no warrant for going." It was Orton’s obsen'atioQ that in the lime¬ 
stone reservoirs tlie siome freedom of communiiuttion did not exist as 
in t!ie eandstonea. He noted, ImweveTj that the gas wells at Findlay 
affected each other noticeably. He recognized that ther« could not 
be as free commimication through massive limostoiies os through sand¬ 
stones. In tho case of Kandstoiiea, however, he did nut apparently 
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realize that lack of porosity was one of the reasons for lack of com¬ 
munication but rather attributed it to changes in thickness and lensing. 

The presence of an approximately impervious roof over the oil reser¬ 
voir was, to Orton, the primary requisite of oil accumulation. Source 
beds were plentiful and widely distributed, and various kinds of rocks 
were suitable as reservoirs, but “more interest centers in the roof shales 
or cover than in any other part of the system.” The Utica and Hud¬ 
son River shales overlying the Trenton, the Niagara shale overlying 
the Clinton, and the Cuyahoga shale overlying the Berea were con¬ 
vincing examples. “It is apparent that the composition and order 
of arrangement of a seri^ of strata have a vitally important relation 
to the accumulation of oil and gas that may take place within it.” 

Orton accepted the conclusion of Carll (1880) that the yield of oil 
wells was fully accounted for by the presence of the oil in the pores of 
the reservoir and that there was no necessity for resorting to other ex¬ 
planations, such as “crevices” in the rocks, to account for their 
productivity. 

ffTETTClUKl! 

The principles of petroleum geology Trhieh have just been outlined 
appear to have been quite generally accepted by the geologists who 
were contemporaries of Orton, But in the field of the relation of 
structure to the accumulation of petroleum there was dissension of the 
first order. 

I. C. White was connected with the Second Pennsylvania Geological 
Survey from 1875 to 1883, when he resigned and entered commercial 
work. Two years later (1885a) he published his epochal statement 
advocating the anticlinal theory of oil accumulation. The observation 
that accumulations of oil were associated with anticlinal axes had been 
made 25 years before by several geologists, including Hunt (1861), 
Rogers (1860), and Logan, but their opinions had been forcefully 
opposed by the Director of the Pennsylvania Survey, J. P, Lesley, and 
probably had little influence on oil discovery or development. So im¬ 
portant was Whited revival of this theory that Orton (1888, p. 93) pro¬ 
claimed that liis applications of the theory ‘^mark a new period in our 
study of the geology of oil and gas,^’ The following quotation gives 
White’s (1885a, pp. 521-622) views in his own words. 

After visiting all the great gas wells that had been struck In western Pennsjl- 
vania and West Virginia^ and carefully examining the geological surroundings of 
eachj I found that every one of them was situated either directly on* or near* the 
crown of an anticlinal ails, while wells that had been bored in the synclines on 
either side furnished little or no gas. but In many cases large quantities of salt 
water. Further observation showed that the gas wells were confined to a narrow 
belt, only one-fonrth to 1 mile wide, along the crests of the anticlinal folds. These 
facta seem to connect gas territory unmistakably with the disturbance In the 
rocks caused by tbelr upheaval Into arches, but the crucial test was yet to be 
sooTee—44-12 
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i^de ki. tlie actual location of good gas territory on tMs theory. During tbe 
la^^; I have submitted It to all manner of tests^ both In locating and 

condemning gas territory, and the general result has been to confirm the anti¬ 
clinal tlieor^ beyond a reaaonahle doubt 
-But'while we can state with confidence that all great gas wells are found 
on the nntliQlinal axis, the converse of this is not true, vii, that great gas wells 
may be-|f 9 und oq all antlelinals. In a theory of this kind, the limitations be^ 
come ^qulte as Important as, or even more so than, the theory Itself j and hence 1 
hay^ giyeh considerable thought to this side of the question, having formulated 
th^ Wtd^toee or four general rules (which Include practically all of the limita* 
tlons known to me, up to the present time, that should be placed on the state¬ 
ment thAtilarge gas wells may be obtained on anticlinal folds) as follows: 

^ fq) ;!yhe,areh in the rocks must be one of considerable magnitude; (b) A 
coarse or sands tone of considerable thickness, or, !f a fine-grained rock, 

pne thajt would have extensive Assures, and thus, in either t^se, rendered capable 
Of acting as a reservoir for the gas, must underlie the surface at a depth of 
several hundred feet (50(> to Z500 feet); (c) Probably very few or none of the 
grand,archer along mountain ranges will be found holding gas in large quantity, 
S^ce In ^ such, cases the disturbance of the stratification has been so profound that 
all the natural gas generated in the past would long ago have escaped Into the 
air through fissures that traverse all the beds. Another limitation might possibly 
be added, which would confine the area where great gas flows may be obtained 
^o thpae underlaid by a considerable thickness of bituminous shale. 

Very igii gas wells may also be obtained for a considerable distance down 
the iloife from the crest of the antlcUiials, provided the dip be sufflclently 
rapid, and especially if It be irregular, or interrupted with alight crumples, 
regions where there are no well-marked anticllnals, if the dip be 
somewhat rapid and Irregular, rather large gas wells may occasionally be found, 
If all other, conditions are favorable, 

, ;As)iburn£r (1885), of the Second Pennsylvania Geological Survey, 
y^pUed promptly to White’s announcement While conceding that a 
relatioA ^sted between the position of anticlinal axes and the loca¬ 
tion of. gas fields, he regarded the problem as more complex and cited 
qthw factors which he considered to be controlling, as follows: 

J Although it is a fact that many of our largest Pennsylvania gas wells are 
located near anticlinal axes, yet the position in which gas may be found, and 
the ap^unt^to be obtained, depend upon (a) the jiorositj and homogeneousness 
of ,itbe j^n4i!|stone which serves as a reservoir to hold the gas; (b) the extent to 
whitli t^e strata above or below the gas-sand are cracked; (c) the dip of the 
gkk-sand'and the position of the anticlines and synclines; (d) the relative pro- 
I^oftlbna of water, oil, and gas contained In the sand; and (a) the pressure under 
which the gas exists before being tapped by wells. 

V Lesley^ in a paper published the following year (1886, pp, 654-655), 
Btrongly opposed White’s theory; the following quotation states his 
vievret"’ ' 

recently the location of the anticlinal lines in the Pittsburgh region has 
become * flort of popular mania, produced by a theory. The whole community 
iDtacested la the subject of natural gas has been carried away by a theory 
’fi\ - * thtanticllEial theory of gaa 
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Stated la a few wordg^ It is a theory that olh being lighter than iraferj'mt^t ' 
rise to higher levels. If the application of this theory was confined -to hottleef 
no one wonld diepnte it; the water In a bottle must collect at the bottom^ thei 
oU la the middle and the gas on top. But the earth Is not a bottle^ , It 
great caverns In it. More than that, the arrangement takes plac^ naXnrallj 
tmder the presstire of only one atmosphere; while any arrangemebP^bf waibt, 
gas, and oU, made at depths of a thousand or 2,000 feet, must b« made und^r 
pressures of from 100 to 400 pounds to the square Inch, * * * fit* thm^ora 


seems to me Irrational to assign any Importance whatever to th^r ^fomely. 
gentle anticlines of the gas-oU region, 

To this I add the Important consideration that the movements/of oil ^ and 
water have been shown by actual practice to be governed entirely cfear-J 

acter of the rock In which they take place, and that they are effectually stopped 


at fixed geographical lines where porous rock changes Into sandstones‘and 
sandstones into shales. And these changes of character in the rodi Itself ha^O' 
no fixed relation whatever to the anticlinal waves, whlcb, on the contrary, cross 
them transversely or diagonally* 


White, in replies to these criticisms (1885b; 1886), again einpha^xe^ 
his position that not all anticlines would be gas-bearing'^jei$pfeaaifl^ 
such subordinate anticlinal folds as occurred within the synclines* j^e 
pointed to the success which had attended development a|bii^ eight 
anticlines in the vicinity of Pittsburgh and the failures whicli^'hail- 
resulted from drilling in the intervening synclines* Thui' tHe 
portance of structure as a factor in the accumulation of oil and gas 
came to be recognized by the geological profession and by practical 
operators. ' ^ 

With the extension of oil and gas production to areas oHier than 
western Pennsylvania, it was soon found by the geologists' WorldTi^ 
in them that modifications of White’s theory were required tbiikplaiil 
all the structural problems that arose* Minshall, by carefiit siiiweys 
along the White Oak anticline in West Virginia, had showri"that the’ 
axis itself was undulating, with pronounced domes or ^nilmts hi 
some points and sags or depressions at others, and that the coriimercial 
gas accumulations were confined to the domes. In Ohio, Ortdh (1888, 
pp* 93-95) found that anticlinals were of infrequent occiirtence btit' 
that oil and gas accumulation was controlled by another type of 
structural deformation, which he termed ^‘arrested anticlinal^,” 
terraces* un-usviairr. 


PRESSURE OF GAB 


One other major problem in connection with the occurrence of oil 
and gas greatly concerned the petroleum geologists of a half century 
ago—to find a satisfactory explanation for the pressure exerted by 
the gas upon the reservoir within which it was contained, ^ Gloeed-^ijii 
pressures ranging up to 1,000 pounds per square inch had been ob¬ 
served, and the enormous expulsive force of the gas, frequently ciuis* 
ing the drilling tools to be violently thrown from wellsy MrasJwell 
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known to operators One ciploJiation was that the formed in 
the earth much m ^teum is frirmeil in a boiler and that the prcsstiro 
resulted from the confinement of the gas. The theory most commonly 
held was that the weight of the overlying rocks cimeed the compres¬ 
sion of the and I he riiaulEing pressure was accordingly called ^roek 
pressure.*’ Lesley (1BS5) eihaustirely ^died this theory and dem¬ 
onstrated that tlie pressure of gas did not accord witlj the weight of 
the overburden. Orton seems to have been the first geologist clearly 
to understand the function of artesian pressure in relation to the 
pressure of oil and gas in the some stratum. Ho says (1888^ p. 09): 

In the n^^rritis rot?lc that eontalaa them thf^te la olwara» ontfliae of the pro- 
duertiVG fieMB, a bodr ef water, ftnd So almost every Itiswace, salt waier, Ttfcts 
water oocupica the roelc a* U rtsca lo day In Its wcoreat oatcrops, Conimoril- 
ctiUns tliure wtlh aurfute wutcr or with raluCali a head of prcttiurc b ^Lven 
to the pia anil oU that uni to the trapn forioed by the aDtidioals or 
terracGfl Soto which the stTutum has been thn^wiL The nmounE of are^are would 
thiia depend nn the height to which the water cnliunn La raLaed, Is enea eon- 
tin porofllty of the fitmtuTii can he sraamed. 

Later Oiion (1800) published a paper on the origin of the rock 

pressure of the Trenton limestone which laid the foundation for oil 
lot«r ptudiES iti djnotnic gKology as related to oil and gas. 

summabt 

Tbo preceding review of the status of petroleum geoloj^y in l8dD, 
though brief, may, nevertheless, demonstrate that thia divisiou of the 
science had been placed on a sound foundation by the pioneer work 
of die men wlifise writings have been cited. The difliculties which they 
encountered and the differences of opinion which developed among 
them were tn large measure the result of an endeavor to OTersimplify 
their science. 

The tracing in detail of the evolution of these various ideas and 
theories and of their development into those which make up the present 
content of petroleum geology would unduly extend tliin paper. Tiie 
writer accordingly passes to a review of its present status without 
attempting to follow closely all llie clumgRs in thought during the 
intervening period. 


atSNEStS OP PF;TI10l,ErM 
OCKEHAL mOELEU 

Starting with an accumulation of factual inforniation concerning 
the nature and oocurmnee of petro1«im, and following Uie scientitle 
method of thought, petroleum geologiaLa Imve sought to discover the 
sources from whicli it fans come and the manner in which it has origi¬ 
nated. Most of them have held tlia opinion that oil and gaa have been 
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derived from organic matter deposited in sedimentary rocks. Some 
chemists and, more rarely, geologists have sought to explain the origin 
of tliese hydrocarbons as due to inorganic processes. Through the 
years this smaller group has diminished in numbers, and at the present 
time the organic origin of petroleum is “generally accepted” (Snider, 
1934, p. 51). But agreement on the general principle has proven much 
simpler than the collection of pertinent and adequate supporting evi¬ 
dence. Like the broader biologic principle of evolution, precise knowl¬ 
edge of its mechanism is attained only by many years of intensive 
investigation. 

The general problem of the conversion of the organic material de¬ 
posited in sedimentary roeks into oil and gas may be divided into more 
specialized fields of investigation, such as: 

1. The character of the organic material which ultimatelr becomes i»etioleiim. 

Z The characteristics which give to a sedimentary deposit the capacity to pro¬ 
duce petroleum. 

3. The steps of chemical change whereby the organic matter of animals and 
plants has been converted Into the varions hydrocarbons of which petroleum Is 
composed. 

4. The nature of the forces which have been Instrumental In, or have con¬ 
tributed to, tbe transformation of organic matter Into petroleum. 

6. The manner in which widely disseminated and minute quantities of such 
derivatives have been aggregated into appreciable quantities of fluid. 

In attacking these problems most geologists and chemists have con¬ 
sidered that the doctrine of uniformity of Lyell (1842, pp. 323-327), 
which assumes that the geologic processes and conditions of the present 
are essentially the same as those of the past, was applicable to the 
formation of petroleum. This is questioned by Woolnough (1937, p. 
1106) who considers that petroleum may have bwn formed under “con¬ 
ditions of accumulation not now ezliibited, on a major scale, in any part 
of the world.” Any progress in the solution of problems of origin 
must, however, rest upon detailed examination of present processes on 
the assumption that, at least in kind if not in degree, they were opera¬ 
tive in past agesL 

NATUBE OF OBOAKIO UATESIAL 

As to the kind of organic matter that is requisite to the production 
of petroleum, there is much divergence of view. Trask (1938, p. 384) 
considers that petroleum is a very special substance and that only 
certain types of organic material can be changed into petroleum, while 
Snider (1934, p. 62) holds the opinion that almost any kind of organic 
matter buried in sediments may, under proper conditions, be changed 
to petroleum and natural gas. These are wide extremes of thought 
which have been developed through quite different lines of approach. 

Trask (1932), in an intensive study of the organic constituents of 
recent sediments, found that oils and fats fonn a very small part of the 
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prgamc jpiatter present; that cellulose compounds derived from higher 
plants at^ also present in small quantities; and that nitrogenous com* 
poup^s and complex compounds of lignin and humim form the bulk 
of t^e organic matter. He therefore reasons that petroleum must come 
fj-pnoLtKesq complex organic compounds rather than from the very small 
qu^titip?, of oils, fats, and cellulose. However, no evidence is pre- 
^tpd i% h^ which suggests that, to the extent that they were pres¬ 
ent, piese. cither substances may not also have become constituents of 
petro^pnL 

Whereas Trask’s work has been primarily concerned with quantita- 
_t}vp detefnunations of the presence in sediments of particular types of 
ojrgarnc^tter, other investigators have been attempting, through the 
analysis of individual oils and through the isolation of particular or¬ 
ganic constituents, to develop suggestive relations with living organic 
itj'ittpt.^j^The presence in crude oils of a wide variety of microscopic 
objects^ such as diatoms, Foraminifera, insect scales, and petrified 
wood,.may be significant (Sanders, 1937). The identification in crude 
petroleum, of chlorophyll porphyrins suggests a direct relation with 
higher forms of vegetable life (Triebs, 1935). Hlauschek (1936) con¬ 
siders thatplants, producing lignin, form the principal source of cyclic 
hydrocarbons and that the life of the sea has been the source of the 


straight-chain type of hydrocarbons. Brooks (1936) regards fatty oils 
as, dh©, principal source materials, with other types of organic sub- 
st^ces,^ch as cellulose, starches, sugars, proteins, lignins, and waxes 
as additional sources. He points to the presence of heptane in pine 
tr^s and:^ the close relation between the terpenes and certain petro- 
l^'^^. hydrn'^rbons. Berl (1938) also regards carbohydrates and 
dphyatfyes ^ereof as the chief parent material of crude petroleum. 

: ■ evolution of life from the earliest times to the present the 

^yP©s plants and animals have been different at various 
periods. ^^It is probable, therefore, that the chemical characteristics of 
the trin^nis of such life have also varied. Modem plants, for example, 
douhtiess contain more lignin than Paleozoic plants. 

Most geologists will probably accept the thesis that petroleum has 
been formed at all times in the earth’s past by the transformation of 
organic matter and that the distinguishing character- 
jstlos .qf the petroleum found in deposits of different ages are related 
to the,nature of the particular organic matter present in the area where 
^e petroleima was formed at the time of its origin. 


r SOustjc 

; iTh© coiic6pt that certain sedimentary deposits had greater capacity 
than others to originate petroleum is as old as petroleum geology itself, 
Dana (1871) taught that shales and argillaceous sandstones were the 
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most commoti ori^imZ i^Duzxe and. that this oil found in atmacooiis aarid-' 
stones was supposed to havo been derired from the shales aboTo or 
below* Black were thought to be rich in oil, probablj^ becaasti 

**cnal oiPhad been distilled from them. A relationship was^ thus eari 
assumed to exist bei^v«en the amount of organic matter presMt in 
Enenta and their capacity to originate p«tToleMTn+ The terin‘ %oufd& 
beds" gradually t^iine into use to dMlnguisb those rocks from'wbirie 
organic matter petroleum has originated. A 8 the* gcianco adTati'ced] 
however, it beeatnv apparent that such generalizations were not com¬ 
pletely true^ and about 20 years ago the need for eipcrimeni^-insti¬ 
gation of source beds began to In; recognisiedi This took definite fotm 
in 19£6 when the American Petroleum Institute sponsored a reseatch 
program which is still continuing* 

Tnv’nhE.igation of so complex a subject was initially faced with in¬ 
herent difficulties. The assumption I hat the aource beds warcr atrati- 
graphically cicely associated with the reservoir beds depends fur 
validity on tlie premise that oil has accumulated near thd’^ohe sfl^i 
area of origin and has not migrated horizontally or vertically for long 
diidanceSj ii premise on which petroleum geologists arts by lid meoils 
in agreement. If orgaiiio matti^r in the form of petroleiini lias origin 
nated in particular strata* then the movement of the petfdl^um but 
of these atrata will leave them fKjorer in organic matter fliandhe}" 
were originally ; hence present orguuie oontiiut nmy nut i>a odiiriufiEive 
ae to whether or not a particular bed has acted as a source of peiroieitm.' 
On the other hand, if eertaiti atrata were originally aufQciently rich hi 
organic matter to originate petroleum they may stilly even after giving 
up soiiie of their organic contant, ricliPr in organic matter than oLlwr 

s^Imentary depoaitOL If the geologic forces to which on ore&.has 
beiui subjected subsequent to the deposition of the source bede am an: 
important factor in tlie genesis of iietroluum, then tiie oiiiDuiil and 
character of the organic matter originally present in tho Bedimenta 
may not be tlie major factor; the dynamic history may be controllings 
These and other questions complicate the problem of recognizing: @DUrr« 
bedHn ^Vork on iiletails of the pi'olilein has led to gome apetdiiii oon^ 
elusions^ and in the following paragraph the writer boa att^pted to 
fiiimnmrize present prevailing oplniun on this subject. : ‘ 

Recent marine segments contain ^^s high as 7 percent orgadiicmmttoq 
with riie average around Sp 5 jHtrcf^ntp Some uider rocks, such as Mofi’i 
terey shale, may have had a higher organie content tlian recent 
mentf;^ at the time of depoBition* All azicieiit sediments have pi'Chably 
lost some of their original organie eontent, and the loss through aging 
may he na much aa iO percent. The proiKiriion of the original oi^gakiiio 
content tliat may iLave been cotiveried into petroleum is unknown but 
has been estimated at from 5 to 10 percenL In recent Bodimfmta tho 
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organic matter consists of about 60 percent carbon, 7 percent nitrogen, 
and the remainder chiefly hydrogen. In ancient sediments the pro¬ 
portion of nitrogen increases, indicating that there has been loss of 
hydrogen and carbon through geologic change (Trask, I9S2, p. 222). 
Dark sediments generally have a higher organic content than lighter 
ones, and the blackness of many marine shales is chiefly due to con¬ 
tained organic matter (Twenhofel, 1939, p. 1181). Hence, dark marine 
shales are generally regarded as good source beds and, when near oil 
reservoirs, are considered as the most probable source of the petroleum 
(Snider, 1934, p. 62). 

The organic matter in recent sediments consists of a highly complex 
group of substances (Trask, 1932, p. 198). Oils and fats constitute 
only 1 percent; waxes, resins, alkaloids, and alcohols comprise about 
6 percent; carbohydrates form less than 1 percent; sugars, starches, 
and other water-soluble substances, chiefly organic acids, form 3 
percent. Nitrogenous compounds form the largest group, comprising 
about 40 percent, about half being proteins and the remainder more 
resistant nitrogenous compounds. Finally, about 30 percent of the 
organic matter consists of lignins and humic complexes. It is from 
such source materials that hydrocarbons must have been derived. 

The organic matter of recent sediments is nearly all present in solid 
form. The proportion soluble in hot water comprises only about 
3 percent, and all the material extracted from such sediments by solu¬ 
tion in carbon tetrachloride appears to be solid in nature (Trask, 
1932, p. 173). 

COmTHSION OF ORGANIO MATTER TO PETROLEUM 

The problem of when, where, and how the organic content of sedi¬ 
ments was converted into petroleum is a refinement to which the geolo- 
^st of half a century ago had not advanced and which received very 
little attention until 20 years ago. From the time that the problem 
assumed definite form, geologists have been primarily concerned 
with the time and place of conversion, while the manner in which the 
change occurred has been left largely to the chemists and biologists. 

The uppermost layers of newly deposited sediments have a dense 
bacterial population, and such microorganisms are probably an im¬ 
portant factor in the generation of hydrocarbons. Bacteria func¬ 
tion to remove nitrogen and oxygen from the organic matter con¬ 
tained in the sediments, which is thus changed in composition so as 
more nearly to resemble petroleum (Hammar, 1934). This trans¬ 
formation probably occurs very early in the history of the sediments, 
and there is little if any evidence to support the view that bacterial 
action continues after sediments have been deeply buried and subjected 
to dynamic action (David White, 1935), 
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Up to quita recantljr such CYidcuce as was aTailable to geologisU 
tended to show that petroleum wrs formed lit Lho time of deposition 
and buried with the aedtineitLs (McCo^, p. 1022). However, 
flideti&ive diemical examination of recent marine seiliments indi> 
cates that petroleiun ie ni?t preseiil hi them and consequently is not 
formofl at the time of deposition or shortly tlierenftpr (Trask and 
Wu, 1{K30). Bccent sediments, therKfor*?, appear to have reached 
a stage in their history at which the bacterial actimi has largely run 
its course hut at which petroleum has not. yet been formed. The 
organic matter, tlie '^mother substance” of petroleiini, as it is some- 
timag Called, presumably is present in nutli sediments in solid form, 
analogous to the solid bltiinainous material, called “kemgeti,” found 
in oil shales (McCoy and Kcytc, 1934, p. 271)- Ueil (1938, p. 2) 
considers that, after bacterial action has ceased, carholiyd rates, 
humic acids, anti lignin are conrerted into intormeiliate substances 
which he colls “protoproducts” and which he considers the parent ma¬ 
terials for petroleum. Other cheinists, notably Hackford (1932), 
have also sought to trace the transformation of vegetable matter into 
petroleum. Most chemists consider tliat only moderate tenujcralurca, 
such 05 are witliin the bounds of geologic probability, are required to 
effect such changes. Time, of which the gcol^st secs an abundant 
supply, 19 also tlioughl to bo an important factor in the conversion. 

Much work remains to be done bchira the various steps in tlie 
cunversion of organic mailer into petroleum can be accurately traced. 
At some stags in the procea the solid organic matter laid down with 
the sediments is converted into fluids, and it is only then that move- 
ment from source bed to reservoir becomes possible. 

As a result of studies of crude oils in tlie Gulf Coast, Barton (1934) 
coiidtided that petroleum, when first formed, is heavy and viscous and 
hrtCj as the result of the oficration of heat, presimre, and perhaps otlier 
forces, evolved into progressively lighter oils. He has, however, also 
otiserveil that deeper oils have lower specifle gravity tlmti those nearer 
the surface. To what extent this relation eh ip may be e^lainwl by 
loss of volatile constituents through escape to the surface is unknown, 
but the inference of recent intensive geochemical studies ia that there 
is a definite upward movement of hydrocarbons frOTu the reservoirs 
to thi> surface, even though the cover rocks may appear highly im¬ 
pervious to suet) migration. 

GK}rji;Kiiq rr^wtnw os^iiTiNO 7o fkoduoe muoiaEUM 

The cheiTiical rt^actiozia required to produce petrylKum from the 
“mothtir enbstunco^ have presimmLly not cwoiirreii spontnncouslT hut 
have been brought about by competent physic&i forces, sudi aa heat* 
presaurej and movement. AJl tliese forces fine op&rativo m deeply 
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buried sediments, and geologists, contrasting conditions in such sedi¬ 
ments with those occurring at the surface, have naturally sought in 
some way to relate the origin of petroleum to them. 

As a section of sedimentary rocks is deposited, the weight of the 
overburden progressively increases, and the deeper be^ become 
heavily loaded. The pressure thus created causes compaction of 
the sediments, which become more dense with increase in depth 
(Athy, 1930a). Compaction is accompanied by closer spacing of the 
grains and by the gi-adual displacement from the sediment of most 
of the interstitial water. The friction resulting from movement of 
the grains may produce some heat (Pratt, 1934, p. 242), and chemical 
reactions, such as the oxidation of pyrite, may be another source, 
but it is probable that the internal heat of the earth is the chief 
cause of increase in temperature with depth. Whatever the cause, 
recent drilling in sedimentary basins to depths approaching 3 miles 
has revealed the existence of temperatures of nearly 300“ P. Such 
temperatures are greater than those which chemists have usually 
cona^dered would be available for geochemical reactions leading to 
the formation of petroleum. The opinion (McCoy and Keyte, 1934, 
p. 269) that most of the known oil fields were formed at temperatures 
lower than 140® F. may, therefore, require revision. Even tempera¬ 
tures of around 300® F. are, however, lower than those usually 
considered to be within the “cracking range,” and the reactions by 
which petroleum has been formed may still, from the chemist’s 
standpoint, be considered low-temperature changes. The reactions 
by which organic matter is converted to petroleum are essentially 
endothermic, and the energy present in the form of heat in the sedi¬ 
ments where petroleum is being formed accordingly facilitates them. 

Pressure may have had an important effect in the formation of 
petroleum by favoring polymerization (Brooks, 1938, p. 81). Hy¬ 
drogenation and other types of chemical transformation of hydro¬ 
carbons are also facilitated by pressure (Pratt, 1934, p. 241). In 
addition to the weight of the overburden, pressure in sediments may 
be due to hydrostatic head, the presence of petroleum gases in porous 
reservoirs, and possibly other factors such as cementation and 
chemical metamorphism. As water-free sedimentary rocks have an 
average specific gravity above 2.5, the weight of the overburden 
might be expected to result in pressures at depths greatly in excess 
of the weight of a column of water of equivalent height. Measure¬ 
ments indicate, however, that the hydrostatic pressures existing in 
underground reservoirs normally correspond to the weight of such 
a column of water (Versluys, 1932) rather than to the weight of 
the overlying sediments. This has been found true in wells drilled to 
depths of over 13,000 feet in which the reservoir pressures exceed 
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6>000 pounds per squHre inch* When pressures of Unit magnitude 
occur in combination with tempcmturcs of 300® F., their potency 
to effect chemical changes mui?t be great- 

Beceut unconsolidatef] sediments contam large amounts of water* 
As compaction progresses, fluids in the gtmta which are being com- 
pressed are forced from them. Wliile this moYement may be of 
great importance in correction with the migration of petroleum 
(Athy, L&30b)| it may also be a significant factor io the chemi¬ 
cal reactions which produce petroleum by facilitating mwlecnlar 
rearrangement. 

ACUHZCiaTlOK 

TIib work of Trask and others has indicated tluit there is great Taria- 
tion in richness of organic content between types of sedimente and be¬ 
tween beds in the some p^ologic section* Terticsl variation in organic 
content is generally groutcr Uian hori^ntiil Yoriation. But^ after full 
allowance has been made for such differences^ the fact Temaitis that 
organic matter is quite uniTensaily distributfed throughout sediments of 
marina origin, llie sediments which are usually richest in orgmiic 
matter are fine-testured ah ales, and the organic mstter is minutely 
disseminated through them. The pore spaces of such sediments are of 
capjllaiy dimensions, and older sediments of this churucter are highly 
irnpervjoufi to I he mnvenient of fluids^ When fii'st deposited^ such sedU 
monta wore clays and sLtts with largo volumes of interstitial water 
(Trask j 1932, p. 77; Twenhofelj l&SS, p. 253)* 

It is in such an envirimmeiit that the solid organic matter laid down 
witli the sediments has been transformed into otlier compounds which 
are capable of being t mnsporl.cd by water. If the organic matter were 
wftter-solublii its moYement through capillary Epaceu would occur more 
readily than if it were in the fnrm of minute globules of hj^'drocarbons 
insoluble in water. It is oouceiTable that the solid organic matter 
which is later to become petroleum has at first been converted into 
water-soluble or water-mbcibla mtermediate compounds and that it 
was in soiuo such state when it first left the place of original deposition- 
In that case the further chemical change of such intermediate com¬ 
pounds to petroleum might occur after the organic matter had been 
removed from the point of original deporition and had, in the course 
of its movement, come into contact with solutions or forces which had 
caused furtlier reactions to produce the hy'droiarbons which oillec- 
tivelj form petroleum and natural gas. Jfo experimental work with 
which the writer is eonvci-sant clarifies this problem. 

Whatever the precise process of chemical change may have been, it 
Beema necessary to postuLate that somewhere in tlie very early history 
of petroleum there must have been an aggregation of finely divided 


176 Ai^ntial report Smithsonian institution, 1943 

material into appreciable quantities of hydrocarbons which would be 
present in the water-saturated sediments either as a solute or in the 
form of globules physically distinct from the water. While the mecha¬ 
nism of this process is unknown, it appears to be on essential link in 
the chain of the origin of petroleum. 

The available evidence indicates that this aggregation occurs within 
the source rock. Older sediments of marine ori^n, both dense and 
porous, are impregnated with small quantities of petroleum, in con¬ 
trast with recent sediments in which it is rare or absent. This was 
well known to Orton (1888, p. 83) who estimated the quantity of 
petroleum present in this diffused condition in some of the rocks 
of Ohio. Surprisingly little detailed investigation of the quantity 
and distribution of petroleum in older rocks has been carried on. 
Trask has determined the organic content of many samples of older 
tpcks from wells, but the analyses do not disclose the amount of organic 
matter present in the form of petroleum. Stout (1936, p. 799) studied 
various Ohio limestones and shales and found that the content of hydro¬ 
carbons was about 0.6 percent. Most geologists will probably be in 
accord with the statement of filing (1938b, p. 209) that 

There can be no doubt that a stlU larger amoust of oil and gas occurs as a more 
widespread but less concentrated impregnation of the denser rocks, the clays, 
marls and limestones surrounding the reseirolr rocks. 

In concluding this discussion of the genesis of petroleum, the state¬ 
ment seems justified that the conversion of the complex organic sub¬ 
stances deposited with the sediments into the petroleum found in older 
rocks takes place within the source bed and results from the various 
chemical and physical forces to which the organic matter has therein 
been subjected. 

migration of petroleum 

GENKRAL STATEMENT 

The accumulation of petroleum in immense concentrations in oil 
pools is in contrast with its wide diffusion through the source beds in 
which it had its origin. The movement of petroleum from source to 
reservoir has resulted from the operation of physical forces, and 
geologists are vitally concerned with the character of these forces and 
the extent of their effectiveness. This movement is collectively called 
migration, but the use of such an inclusive term is deceptive, for the 
process is doubtless highly complex. In its simplest form it may 
be resolved into a consideration of (1) movement of oil from source 
bed into carrier bed; and (2) movement through the carrier bed to 
the reservoir. • 
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siktration rtscfic rdubcb iied to cahiueb Bn> 

The compnciion uf seilimontg by tlte mcreasing load of younger beds 
depOKiited in succession is accompanied i>y the loss of a large part of tlio 
interstitial water they originally contained t[Atby, 1980). The con¬ 
nate water remaining in the sediments adheres closely to the individual 
grains and fills the intervening voids. Because of the [iriwence of this 
film of closely adhering water, which is preaeiit even in well-saturated 
oil reservoirs, it is probnblo that petroleum normally does not wet the 
grains but remains in tbe interstitial passages in Ibe form of minute 
globules (Schilthuis, 1987^ p. 200). The movement of tbo interstitial 
water is regarded as the principal cause of the migration of oil fnan 
the source beds. The outward movement of water from such sedi- 
meiita will be In tho direction of least iwistance, from the clays and 
marls into the more permeable strata. If at the time this outward 
movement is in progi-csa petroleum hag already formed in the sedi- 
ments, it may be expected to move witli the expressed w-Hler into the 
more porous beds wliicli are competent to act as carriers (lUing, 1933)» 

With tho passage of time and the completion of the cycle of deposi¬ 
tion the sediments gradually become lithified and a condition will ulti¬ 
mately be reached in which the compaction of the deeper 1>edi! will cease. 
The more competent members of the series will acquire strength to sus¬ 
tain the load of the overlying sediments, and the fiuids wliiclr they 
contain will reach a state of equilibrium. 

Capillarity has also been thought competent to cause tlie movement 
of petroleum from the source bed to tlio carrier bed. McCoy (1923, p. 
1027) concluded, on the basis of cxperimeiitnJ evid^ce, that there is 
an interchange of Iluids between tbe source bed and the carrier bed, 
the oil in the source bed being expelled into the more porous bed and 
replaced by an equal amount of water. This interchange was thought 
to occur in tho capillary spaces of tho source rock and to bo caused 
by the superior surface tension of the water; the water, having a ^atcr 
adhesive tension for the wall of the capillaiy than doefl the oil, and 
its adhesive tension for the wall of the capillary being jp-eater than the 
surface tenidoii of tho oil, the oil column in the capillary would be 
broken, and minute globules of oil would be split off and moved through 
the capillary in the direction of tho moro permeable bed. 

Other forces which have been considered as contcibutmg to the move¬ 
ment of oil from denser to more porous rocks are artesian circulation 
and diastrophic movemente in the sedimentary basin. The effective¬ 
ness of the mentioned is questioneblc, for arteaiwi flow is likely 
to take place through the most porous beds and is unlikely to be effec¬ 
tive in the denser sediments. Diastrophism may have Ijeen effective 
in creating oompressiTe forces which may, in turn, have acted on the 
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flcDtier idmtu. &rid flutcl hKivttDicjitH in ilia capilLary spaces, but 

there is little intheTreyofdircct evidence te support this thesis. Di els- 
trophic movemeiita, by producing fmcttirea and faults, have o^Hiuefi 
(lew cluLimels for the vertical movement of fluids from one porous bed 
to another or have brought into contact reservoir beds not previously 
commu mealing. 

anoaATTOx tsbouoh thx cABscen wen 

The term “carrier bed’' wBJi introduced by Bich (1931) to designate 
porous beds, such as coarse sands or cavernous limestones, which were 
favornble in teilnre to the tnovenient of oH- liVliile the term wna in¬ 
tended cspeciuUy to describe beds that would facilitate long-distance 
migration, it is a convenient designation for any porous stratum 
through which petroleum may have moved, and it ia used here in that 
broader sense. 

It baa been pustulated tliat, during the compnetion of a seriea of 
sedimentary rocks, water carrying globules of petroleum has moved 
from the source bed into the more imroug adjoining carrier beds. 
Fiivtly, if a bed were sufficiently extensive to have a surface outcrop 
along the margin of the basin, the eaceaa water would have an oppor¬ 
tunity to follow it toward the outcrop and, perhaps, there to make its 
escape. But the same outcrop would also permit the entry into the 
carrier bed of tnetenric waters and, depending upon the altitude of 
the ontcrop and other conditions, the roetconc waters might be able 
to resist, the outward movement of the connate waters to such an extent 
that their escape through the carrier bed might be prevented. In that 
ease, the line of least resistnnee to the movement of the excess water 
might be arrosa tlie bedding, tlirough the leas pervious rocks forming 
iU cover. Secondly, if the carrier bed does not have n suilace out¬ 
crop, the excess waten? deposiied with the sediments will ordinarily 
have only one avenue of ultimate escape—across the bedding planes. 
It seems probable that most of the excess interstitial water must have 
passed upward through the section, for, at the time when the basin 
was in formation and compaction waa in proe^, tbs basin would 
usually not have been sufficiently deformed and eroded to provide the 
carrier beds with surf ace outcrops. 

Once liaving entered tlie carrier bed, the particles of petroleum 
which had passed through the capillary pores of the source rock would 
tend to coalesce into larger globtiles in the wider interstitial spaces of 
the carrier bed. Thesa larger globules would be cnpablo of lateral 
movement through the carrier bed but would not ba abla to enter the 
smaller eapillaiy Eipacea of an overlying clay or diale. If the vrater 
in the carrier bed wero forced upward as a result of compaction, the 
globules of oil would be left behind and would ba held at the inter face- 
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This concept has been developed by lUing (1933) who called the 
process “filtration.’^ It was also well described by Versluys (1932) 
who remarked that ‘^ne grained strata act as screens when waterj 
charged with small globules of oil or minute bubbles of gas, is forced 
through them.’’ 

By some such mechanism petroleum has moved from the source beds 
into the more porous beds throughout the entire extent of their con¬ 
tact. Information gained over many years by drilling into porous 
beds has shown that it is exceptional that more than a small part of the 
entire area of a porous bed is saturated with oil and gas; by far the 
larger part contains water. It seems evident that in some manner 
the petroleum must have been collected from the wide areas through¬ 
out which it entered the porous beds and concentrated in the relatively 
much smaller areas which it is now found to occupy*® The movement 
by which this has been accomplished is essentially a lateral movement, 
one wdiich continues until the petroleum reaches a stratigraphic or 
structural trap. 

An explanation of this movement which is satisfactory to the 
geologist and which will witlistand successfully the critician of the 
physicist has been diflScult to attain. The earlier geologists had a 
simple and, to them, complete explanation. Oil and gas, being lighter 
than water, floated above it and filled tlie liighest portion of the porous 
rock. Abundant evidence accumulated which was considered to sup¬ 
port the principle of flotation, and it became quite generally accepted, 
along with the corollary that, if the dip of the porous beds were suffi¬ 
cient to overcome friction, the particles of oil and gas would gradually 
move up the slope to the pool, the gas with its lower specific gravity 
occupying the higher places (Griswold and Munn, 1907, p* 24). 

Munn (1909) was, perhaps, the first to question the adequacy of 
flotation or buoyancy to account for the accumulation of oil pools, 
considering that the enormous pressures developed in oil and gas wells 
were not satisfactorily explained by it. Following him, other in¬ 
vestigators down to the present have thought that flotation alone 
could not produce migration. lUing (1938b) says: 

It is therefore not at all certain from first principles that gas* oU, and water win 
separate out by flotation In the pores of the rock* and it is clear that the separation 
will depend upon certain limiting conditions, the relative Importance of surface 
tension and buoyancy. 

* Som^ geologiata, on the contrary, eonilder that the accumulation of oil takes place ossen- 
tiaUy In situ (McCoy and Keyte, 1934) and i* due to the juitapoaitlon of rich source bed 
and reacrvolr, Clark (1934) also favors this view, axpialnlng the absence of oil In soma 
apparent]y favorable traps by the absence of rich source beds In their Immedlati vicinity. 
It would appear to the writer coincidental that aones of unusually rich source material 
should have been formed In the source rocks In the same locallttes that later become the 
loci where traps were formed by structnral deformotloiL The writer thinks that the organic 
matter has been more unifonnly dUtrlhuted and that wider ar^a have been drawn upon to 
flu the traps. 
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In contrast with the principle of flotation, which requires no lateral 
movement of the fluids in the reservoir but only displacement of indi¬ 
vidual particles, other theories which are based on the fundamental 
principle that the fluids in the porous bed are in motion have been 
developed to account for oil migration. Munn (1909) announced the 
“hydraulic theory” that moving water under either hydraulic or capil¬ 
lary pressure has been the direct agent of accumulation of oil and gas 
pools.” It was his view that hydraulic pressure was the result both of 
compaction and of invasion by water from surface sources. The causes 
of hydraulic movement were more definitely stated by Eich (1931) to 
be compaction, generation of gas by regional metamorphism, and 
artesian pressure. 

Cheney (1940, p. 116) has recently suggested a modification of earlier 
views concerning hydraulic movement. He visualizes 

* * * the main controlling movement of fluids (except in reservoirs Raving 
Intake greatly elevated above sea level) as occorrlng updip Instead of downdlp; 
the time of movement being largely restricted to tbe early periods when porosity 
was being reduced actively by sedimentary loading or compressive diastropbic 
forces Instead of later when erosion and unloading progressively reduce pres¬ 
sures; and tbe source of the migrating water being not meteoric but from the 
compacting sediments of the basin or geosysclinal areas. 

A combination of the principles of flotation and hydraulic movement 
seems best to explain the movement of oil and gas to areas of accumula¬ 
tion. If globules of oil are put in motion in currents of water which 
are passing through porous rocks, they will at every opportunity seek a 
higher position. Because of the difference in specific gravity a definite 
upward pressure is exerted on each oil globule and, if it is in a condition 
of flotation and can move freely, it will tend to move upward with ref¬ 
erence to the water by which it is surrounded. It will come to rest when 
it reaches a capillary opening too small to pennit its passage, taking 
into account the pressure exerted against it by the moving water. 
Ultimately tlie decrease in the size of the capillary spaces due to 
compaction will retard and perhaps completely stop hydraulic move¬ 
ment in a sedimentary basin, bringing about at the same time a cessation 
of oil migration in the carrier bed. 

The fundamental cause of the movement of fluids through porous 
beds is differential pressure, and tlie amount and direction of pressure 
are determined by the geologic conditions in the area at the time the 
movement takes place. 

EFFECTIVENESS OF GABBIER BEDS 

The extent to which movement of oil from source rock to reservoir 
may occur is largely determined by the effectiveness of the carrier bed 
as a conductor. The capacity of a porous substance to transmit fluids 
is termed permeability. Some of the factors which influence the perme- 



FETROIXTTM GEOLOQT—HlSBOY 181 

ubility of rocks are congenital; oihcra are tlie result of subsequent 
geological processes. 

Cungertical factors are ILtLology and areal extent. Sands arc mi- 
tiftlly mare iMiroieablo than marls and clays; coarse sands more per¬ 
meable than finer ones. Certain fra^cntal or oolitic limestones, 
however, originaHy bad permeability comparable to that of sands. 
Porous rnckfl that were depceited over limited areas in the form of 
or that gradually became less porous laterully as a result of 
eliange in composition are obviously leas effective as carriers tlian 
ftinoB which were laid down over wide aresa. Even ‘'blanket" sand¬ 
stones such as the SL Peter, Berea, Dakota, and Woodbine, which are 
reginnally eontinuous, are, however, by no msanst uniform in per¬ 
meability and frequently contain "tight" areas. Limestones slmw an 
even greater variation, such as that which accompanies a clumgc from 
reef to offshore facies. 

Factors which Imve reduced the iicrmeability of rocks subsequent 
to deposition include conipaction, Lithification, cementution, and re¬ 
cry stallizatiou. The effect of compaction in reducing the size of pore 
spaces has already been mentioned. Changes in density, such os from 
sands to sandstones and from clays to shale^ however they may have 
been accomplished, usually reduce the effectiveness of rocka to conduct 
fluids by forcing the individual grains into closer contact The factors 
just mentioned are usually mot* effecliw soon after the seditnenta are 
deposited. Cementation, which may occur cither during the early 
or the later history of tlie sediments, may eliange a rock which was 
originally a com intent carrier to one wliich may be highly impervious, 
as illustmtHl by the change from sandstone to quartzite (Twenhofel, 
1082. p. 220). Becryrtnllization may in aoma cases increase poraity 
but it is quite as likely to decreiuw permeability by closing capillary 
passages. Dynamic metamorphiam has an influence of the second 
order by bringing into play some of tlia factors which Imvo been 
specified. 

Permeability has, on the other hand, been increased by other factors 
audi os solution and fracturing. Solution has functioned chiefly in 
calcareous end dolomitic rocks. It has resulted from subaerinl ex¬ 
posure and weathering and in many limestone fields lias unquestion¬ 
ably increased tho porosity of the reservoir {Adams, 1&34). Such 
pfilcogcographio conditions would pnwumably be local rather than 
regional and mtiy Lliorcforc have influenced migration of oil 
limited areas. Solution hag in many casus acted to increnaa the ini¬ 
tial poroHi^, and it then becomes difficult to determine how much 
of the permeability is primary and how much ^ondary. Tlie impor¬ 
tance of fracturing in increasing permeability also varies grent > 
among different areas. Such higldy permeable limestones as tho 
fiaaTiM—14—IS 
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Permian of the Yates and Hobbs pools have apparently not been 
affected by fracturing. In contrast, the movement of oil in the 
Panuco field in Mexico is largely due to fi'acturing and faulting 
(Muir, 1934), and I/ees (1933) considers that the permeability of the 
Asmari limestone in the Iranian fields is primarily due to fault cracks. 
Limestones such as the Asmari and the El Abra have enormous per¬ 
meability over wide areas. 

DISTANCE OF LATEEAL UTOBATION 

One of the most debated topics in petroleum geology is the extent 
to which petroleum has migrated from one area to another; some 
consider that such movement has been restricted to comparatively 
short distances (Clark, 1934; McCoy and Keyte, 1934), while others 
contend that it may have traveled for “tens or even hundreds of 
miles” (Rich, 1931). 

The basic factors which determine the distance of lateral migration of 
oil and gas are the extent, permeability, and continuity of the carrier 
beds. In the hypothetical case of a carrier bed of liigh and uniform 
permeability and of regional extent it is evident that, under conditions 
of differential pressure, fluids should be able to move through it for 
long distances. But conditions of sedimentation which even approach 
such uniformity are exceptional; lateral variation is the normal 
condition. 

The simplest case is that of a lenticular sand enclosed within shales 
and having an areal extent of a few square miles. In such a carrier 
bed the movement of fluids is not caused by artesian pressure but by 
forces of more limited scope; it occurs most readily while the sediments 
are in process of compaction and while the shales are sufSciently per¬ 
vious to permit substantial movement across bedding planes. During 
this interval the sand would have received from the source beds adja¬ 
cent to or near it its quota of oil and gas. It is difficult to see how, 
later, after compaction and litliification are essentially completed, 
much migration beyond the limits of the sand would normally occur. 
Any further movement of fluids in a carrier bed of such limited extent 
would result from the deformation of the sedimentary basin, produc¬ 
ing tilting, faulting, and folding. Cementation in sands and lime¬ 
stones would limit lateral migration by creating restrictions on 
movement comparable to lensing. 

On the other extreme are carriers such as the Woodbine and the Da¬ 
kota in which artesian conditions are known to occur over many thou¬ 
sands of square miles. Drilling, both for water and for oil, have dem¬ 
onstrated that through basins such as East Texas, the artesian pressure 
system is essentially continuous even though there may be local varia¬ 
tions in permeability. It is again difficult to explain how such an 
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imtuensB ftMuinuliilion of petroleum fls is prewont in the East Texas 
field has been derived from a hifibly restricted and local source; it is 
fCjiitioiiable to couflider tliat tlia liVoodbine 1ms been an eficctive 
carrier bed across large areas. 

BetAveen auch extremes the geologist meets an almost oomplcte grada* 
f.ion. The writer considers that each field presents a special proldem 
in migTftiioti and that a simple gHiieralimtion which will eijilain all 
cases is not to be expected or oven sought. 

ACCUaiUlAYlON t>F PETHOLEUM 
an'S'HOD OP ACCuarmATioN 

The fundamental force which determines in what part of a carrier 
bed Kcciimuintion of oil and pm will taka place is gravity. Haring 
ordinarily a lower sjwcllic gravity than water, they havct when 
present in the same reservoir, greater buoyancy, and gravitational 
separation results. The mechanism of occumulation has been well 
stated by Rich (1928): 

AecumuluCbo results fitHc rhe aelectlve ea^regattar of oil and gus^ which, on 
arcoant of their bnoyancy. alwaja tend to work their way apwanl toward tbo 
roof of the resen'otr as they ore carried aloa^ by Ihc water, and m> are otught Im 
anticlinal or almllar utructura] [and airatlfniphlcj imps, or la places wbero 
dllfcjciicc# ot poroalty oiu* u “screening" aeetloa wlikli pemiite the passagie 
uf water, hut holds txack oil and gns. 

PLACE or AOCUhtOtATION 

ttatement, —A trap is a geologic feature causing the ac¬ 
cumulation of fluids in porous rocks; in ijeti-oleiun geology the use 
of the term is restricted to an accumulation of oil and gas—the 
“structure” of the practical oil man. Various classificationa which 
make it possible to visualize more readily the wide range of circum¬ 
stances under which such accumulation hag occurred have been 
propooed by geologists ((Hupp* 1929; AVilson, 1034). The 
zone in which the oil and associated fiuids have accumulated with in 
the trap is colled the reservoir. Accumulation occurs, in principle, 
because the upward and lateral movement of the oil and goa is 
arrested by the presence of a barrier—in other words, a trap or 
closare, 

Traps are formed by conditions which w'cre established at the tune 
the sediments were deposited, by the diagenesis and lithification to 
whidi the sedlmauU have later been subjected, and by deformation. 
Most of those in the first- two groups (depositional and dingenetic}, 
described in the foliowlug paragraphs, may also bo classified as 
stratigraphic traps, while those in the third (deformationnl) are 
structural traps (Levorswi, 1936, p. 524). While some traps are of 
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simple types, most of them are formed by a combination of factors. 
Oil fields may be due to only a single trap, but more frequently 
several traps are present and these may be of more than one type. In 
the following summary the more important types of each group, and 
some of the oil fields which are illustrative of each, are mentioned. 

DepositioTuil traps .—^Traps which are the result of conditions estab¬ 
lished when the sediments were deposited are of two principal types: 
those in which the reservoir bed wedges out laterally between less 
permeable strata or in which the character of the reservoir bed 
changes lithologically; and those in which the porous bed has been 
truncated and the beveled edge has been overlapped by a loss 
permeable bed. 

In order for the wedge to be an effective trap it must point up-dip, 
and this inclination may be either Initial dip or the result of sub¬ 
sequent tilting. Important oil fields of this type are Burbank (Sands, 
1927) and Glenn (WUson, 1927), Oklahoma, and the East Coalinga 
field, California (Atwill, 1940). These fields occur on the margin of 
sands which have large regional extent. A similar type of accumula¬ 
tion occurs in lenticular and “shoestring” sands where the areal 
extent of the trap may be quite small, as in the fields of eastern 
Kansas and western Penn^lvania (Rich, 1938). 

The truncation of a porous bed and the unconformable deposition 
across its edge of a cover rock forms an excellent trap. An out¬ 
standing example is the East Texas field (Minor and Hanna, 1933), 
in which the oil has accumulated in the truncated edge of the Wood¬ 
bine sand. The sands of the Simpson group in the Oklahoma City 
field are overlapped by Pennsylvania strata to form traps of this 
character (McGee and Clawson, 1932). 

Diagenetic traps.—la this group are included those traps which 
have resulted from changes in the petrology of the reservoir rocks 
subsequent to their deposition—that is, from diagenesis. Accumu¬ 
lation in sandstones may be controlled by cementation, as in some 
of the Venango sand fields of Pennsylvania (Torrey, 1934, p. 472) 
and the Clinton sand fields of Ohio (Billingsley, 1934, p. 505). 
More frequently, however, traps of this group are formed by the 
solution and recrystallization of limestones (Howard, 1928; Aflnma j 
1934), Long after they were depesited diastrophic movements have 
frequently exposed limestones to weathering. Subaerial exposure 
and solution by ground water have then produced secondary porosity 
in the limestone, and, when the weathered surface was covered by 
later sediments, a trap suitable for oil accumulation has resulted. 
The formation of dolomite by the recrystallization of calcite and 
aragonite is probably responsible for increasing the porosity of lime¬ 
stones, and this alteration seems frequently to be a part of the paleo- 
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weathering just mentioned. Certainly some of the most prolific lime¬ 
stone reservoirs are in dolomites which seem to be of secondary origin. 

In the Lima-Indiana fi.eld oil has accumulated in the upper zone of 
the Trenton limestone, the porosity of which has probably resulted 
from dolomitization (Carman and Stout, 1934). In the fields of 
Michigan, where the Dundee formation is the most important reser¬ 
voir rock, dolomitization is the principal cause of porosity (Hake, 
1938). In the Oklahoma City field the Arbuckle limestone, the lowest 
producing horizon, of lower Ordovician age, has been partly eroded, 
and the porosity of the reservoir has evidently resulted from weather¬ 
ing (McGee and Clawson, 1932). 

Deformatiofud traps. —^Tilting, folding, faulting, and intrusion 
have for the most part, resulted from movement which has occurred 
in sedimentary deposits since their deposition, and each has been 
responsible for the formation of oil and gas traps. 

The tilt which may be imparted to sediments largely controls the 
direction in which oil and gas move. In some fields the accumulation 
is due primarily to tilting of the porous bed into a monoclinal position. 
If, at the same time, erosion has exposed its margin at the surface the 
oil which moves upward through it will escape. Lighter oils are thus 
drained from the reservoir, but more viscous oils may, through loss of 
lighter fractions, form a brea which gradually seals the reservoir near 
the surface and becomes a barrier to further movement. Examples of 
this type of trap are found in the Sunset-Midway field, California, in 
which some of the sands are filled by tar near the surface (Pack, 1920, 
p. 87), and in the Lagunillas field, Venezuela, where the oil gradually 
decreases in Baume gravity eastward as the sands rise toward the out¬ 
crop. More commonly, however, tilting has produced traps through 
combination with other factors, such as stratigraphic variation. 

Folding, causing anticlines and synclines, domes and basins, is in aU 
probability the most important factor in producing traps for oil and 
gas. The first structural form recognized as controlling accumulation 
was the anticline, and for many years the petroleum geologist was 
chiefly concerned with the finding of domes in which the trapping of 
oil was primarily dependent on structural closure. Fields in which 
folding of this type is the primary cause of accumulation are numer¬ 
ous, and only a few of the most prominent need be mentioned. Long 
Beach, Calif., is the most productive dome in the United States, with 
a total yield of over 630,000,000 barrels. Santa Fe Springs, Elk Hills, 
and Kettleman Hills are other California fields of this type. Salt 
Creek, Wyo., the most productive field of the Rocky Mountain area, is 
a domal structure. Accumulation in the Seminole fields of Oklahoma 
is primarily on domal folds (Levorsen, 1929), Domal folding has 
been the controlling factor in forming traps in the Hobbs field, New 
Mexico, and in the Yates and Big Lake fields in west Texas. 
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In Iran, tUw Haft Kel field is situated on a structural high on a long 
autidina, while the Mofijid-i-SulaimHo field ia nn a more complicated 
anticlinal td riiCture (Lees, IflSS). In the Baku district of the U. S. S. It. 
such structures as Bibi-Eibat and Suraklmny are typicnl domes, while 
most of the other fields are apparently anticlinal folds (Hobson, IH^). 

Faulting, resulting from both tensinnal anti compressional forces, 
has been the control ling fador in the formation of another group of 
traps. The importance of faulting in oil accuniulation did not rcooiTO 
Tocognition until about SO years ago when tlio discovery of the Mexia 
field in Eust Tesas, followed by that of a number of others in the same 
structural province, directed attention to this form of trap. In the 
Mexia district the regional dip of the sediments Is enstwaxd \ tlie faults 
nearly parallel the strike and are uptlirown to the cast, and the acciunn- 
latiou occurs in the uptbrown block against the fault plane (Lahee, 
1029). Some ^ fields of this type have been found in the district, but 
(d)£whai« in the United States sudi fields are anusuaU Whittier and 
Bound Mountain are Call furni a examples. 

Overtlirust faulting, wliilc not the major factor in accmnulation, is 
an important feature of sncli fields ns Turner Valley, Alberta (link and 
Moore, ldS4), and McKittrick, California, llllng (l&3Sa) states that 
tlie Takaquite field, Trinidad, appears to 1ihv« acounmlated in a thrust 
block. At Boryslaw, Poland, oil Ik lielieved to be trapped by the over¬ 
turn of a tfiruat block (Cizancourt, 1931). 

The penetration or deformation of sediments by intnisions, either 
saline or igneous, forme n varied group nf tra|^>s fur oil and gas. Under 
the weight of the overburden deeply covered salt masses become plast ic 
and, at points of weakness, burst through the strata above (liem to form 
intrusive pluga. Depending upon the pressure, the volume of salt 
available, and the clmracter of tlie overlying sediments, salt plugs diow 
great variation in siiiei, form, and extent of tnovainent. Those of the 
piercement type hove, in many cases, peuctrated many thousands of 
feet of overlying deposits, often reaching the surface; on the otbor 
extreme tire <1eep-f>eated florries w'hich tiray have ireuetrated the beds 
abtrve them for only a compamtively short distance, 

Picrcement domes tend to dmg upward the edges of the beds pene¬ 
trated, and the porous beds, sealed against the salt mass, form annular 
reservoirs. If theKsIl plug dots not reaidi the sllrfBCe, overlying strata 
may bn arched upward, forming circular reservoirs above the plug. If 
tho section above the ascending salt mass contains beds of some degree 
of competency, fiiulting may result. The stretching of the beds over 
the plug may bo compensated by the formation of a central graben. 
Tangential faults along the margins of plugs sis frequent, la Bome 
regions, such as Germany and Rumania, the salt masses have bocn 
highly distorted by dtastropltio movements, and the accompanying 
reservoirs have been intricately fulded. 
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ITie roost important nr^a in which pctrokmn has accumuJat^d in 
relation to salt plu/^ is in Louisiana and Tesas^ near the coast of ih& 
Gulf of Mesico. I'lie discoYCty of ihe Spindktop fields TosaSi in 1901 
originated a campaign of eiploration which has resnUBtl in the ilavcl- 
opmctit of over 200 oH-bearing structures, of which over 100 arc defi¬ 
nitely known to be salt domes, wliile most of the others, frotn struc- 
tunil and cdher evith-iice, are baliered to overlie deep-seated salt plugs 
(Barton and Sawtelle, 1936), Salt domes are imporfnot tyj^ee of 
accmnulation in Mesico, Germ any, Kii mania, Arabia^ Tronseaspiai 
and Iran. 

Ignruiie inl riisiona have caused the deformation of sediments and 
thus produced traps. Well-eataidiwhed ex ampler of tlua type of ac- 
cnmulaliun are tlie Tlinill (Udden and Bybee,. 1916), Chapman (Sell' 
ards, 1032), and Lytton Springs (CollingwotKl and Keltgcrj 1926) 
fields in Texas, the Furtiero field in &Iexico (DcGolyer, 1933)^ and, 
probably, the Motembo field of Cuba (Lewis, 1932). 

CoTniinatwHr —Many oil lieltk are more complex in character 

than those which have been cited. Among larger fields Bradford, 
Pennsylvania, is an e.xaraplo of a trap formed by a combination of de- 
im!?iti(3hal and deforiiiational factors* Stnicturally the field ip anti- 
clinal and has a gas cap and a margmal oil-water contact, but tlie 
lensing out of th« principal reservoir sand within part of tiie aJea of 
closure has limited commercial production to only part of the structu.ro 
(Fcttke, 1938). Tn Cnwhirig, Oklahoma^ and other mid-continent 
fields, folding, faulting, and overlap all occur and tn mnm degree have 
influenced the accumulation of oil and gas. Nicnhagcn, in Germany, 
Boryslawj in Poland, nml Biistenarl, in Rumania, are Eiiro^Hjan ex¬ 
amples of complex structures. Many other tirldfi ihroughout the world 
could be mentioned as examples uf involved conditions of nccumula- 
tion butj to the extent that the facts have been atKcrtainGd, it has been 
found that the fundamental priticipal of buoyancy may be univereally 
applied. 

TTSnJ or AgCUMULiSTtOX 

The ijedmientary rocks in which petroleum has originated we.m de- 
poaited in aiibnierged areas in the earlier phum of an orogeiiic cycle. 
The volume of sediment which may l>e (kposited in a eingla cycle in 
an area undergoing depression may reach enuriuoua proportions. 
In the Rocky Mountain region over 10,000 feet of Upper Cretaceous 
aeflimenbi were deposited (Spieker, 193l)i and ill Uie Gulf Coast 
geosynclino the maximum thickness may j^catcr tlian 30,000 f^t 
(Barton, Ritz, and Hickey, 1933). This earlier phaj® h one of quiet 
sinking (Bucher, 1933, p. 120)^ accompanied by compaction, and liic 
sediments may tw undisturbed by major diastrophic moTcmcuts for 
many millions of year after deposition (Levorsen^ 1035). Tha later 
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phase of the orogcmc cycle is one of cxnstal folding, do ring which 
range? are formed that divide the original aubuiergent area into sepa^ 
rate baaina. Additiona] matctkls ate temored from the uprising 
ranges to add to the volume of sediment in haaina. Local folding 
and pn>gresRlve overla^^ will, during this phase, form traps along the 
margins of the basins and the flanhs of the uplifla (Hercjld, 1MB, 
p. 837). 

The generalized history just outlined is typical of some aremi which 
have undergone a single urogenic cycle. Atof^t basins have liad more 
complex histories; breaks in deposition are marked by nnconfnrnii- 
ties, and folding may have occurrrd &t more than one period. The 
petroleum generated and retained in the sediments, equally with 
them, has been affected by all the forces esefteil during the orogenic 
cycle. In contrast, petroleum is capable of movement, and its loca¬ 
tion has shifted aa a result of changes in the attitude of the cootuitiing 
setliments, Elucli succBSsive erogenic cycle, therefore, may Influence 
the accumulatioa of petroleum and the location of petroleum dfiposito. 

Movement of petroleum during the earlier phase of on orogcnic 
cycle is controlled primarily by the regional dip due to imlisidence, 
and such movement, conceivably, can occur quite early in the history 
of the sediments:. At tha close of the first phase, the quiet sinking 
period, petroleum should have been concentrated toward the more 
elevated portion of the area of depoaitlon insofar as the oontinuitj 
of currier bei? would ijermit. During the second phase, the period 
of crustal folding, local traps ere formefl into which tlie pctitileum 
migrates and ncciimulnlcs. Levorsen (1833) has pointed out that 
those local traps which form in the area of primary regional accumu¬ 
lation tend to be more productive than similar traps outside such 

airajt 

In areas which have been affected by more than one period of 
orogenic movement some traps formed during earlier cycles have 
survived through later cycles while otliers have been destroyed. The 
traps that lie in the deeper ports of the basins have the better chance 
of survival. In some cases oil has migrated from rocks which were 
formed during Ihs earlier cycle into those which were formed during 
a succeeding one; traps in basal sands above an imconformity have 
been filled witlt oil which lioii moved upward from older deposits 
below the unconformity. 

Trapg which are formed during earlier cyclea of orogeny or during 
earlier periods of folding have on advantage oii'er those which arc 
formed later in the history of a basin. The Kelsey anticline, Texas, 
is an illustration of a well-closed but barren trap which la thought 
to have been formed too late to nccumtdate oil in the Woodbine sand, 
which is so prodTtetive in other neighboring fields in the East Texas 
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baein (Denison, Oldham^ and KisUng, iSSa). The East Texas fidd, 
m the aiine basin, is a IraiJ formed in the Cretaceous cycle, the outline 
of whieli has shifted north word as o resulL of rceent diostcophic 
tnOTement (LeToisen, 103^9). 

In conclusion, wc moy occept the generalization of Darid White 
(1935, p» GOS) that the great migrations of oU and gaa were aocom- 
plisbed niuiuly in periods of cregeny. 

DISPERSION OB’ PErmoLEtrjt 

It is probable that the oil and gna of every reservoir, however deeply 
buried and covered by *<iijiiH‘rvioiL3” rocks, is escaping, nitiier upward 
through the overburden or laterally along the bedding. Generally 
the process must be exceedingly slow and almost impen-f ptible, else 
most oil fiehls would, in the course of geologic time, have been de* 
Btroyed by such leakage. Tlie presence in Oklahoma of large oil 
fields of Orduviclaii age at depths of less thsm a mile illustrates how 
effective overlying rockg miiy Im in preventing, through ninny mil¬ 
lions of years, the diaperaion of petroleum. In contrast, iho loss of 
petroleum from underground re«ervoire may be relatively repid and 
visible, os is evidenced by tJie large tjuontities of petroleum that have 
re.ache(] tlie aurfaco in many arcae. Such asphalt deposits os tluise 
at Pitch Lake in Trinidad are proof of bow great such wastage may 
be under suitable conditions. 

In most petroliferous rngiom this reservoir loss is manifested by 
variouB surface indications, such os oil and gas seepage, deposits of 
brra and asphalt, bituminoua dikes, tar sands, and mud vokanocs. 
These may be regnrdeil as incidents of the orosiou cycle in such areas. 
Where uplift and erosion have exiHiaed the margin of an oil reservoir, 
so that a direct avenue of escape to the surface has been formed, its 
contnnla will soon be lost. Light oils and gas may be completely 
drained, while heavier oils, on reaching the surface, may solidify, seal 
the expoeed reservoir beds, and thus retard the process of dispereion. 
Faults which in some cases form liaps for petroleum may in other 
cases producfl at the same time a channel along which some of the 
ti-upiwd oil may escape to the Burfiice. The deformation which pro- 
dtices folded trt-ruclurcs may also develop faults in the flexed atrata 
along which the oil and gas may pass upward to shallower reservoirs 
or to the surface. An oiomple is the Salt Creek anticline, Wyoniing, 
to which attention was first diCBcled because of the [iresence of oil 
seeps near tho axis of the etructuro and the development of which has 
revealed the presence of numerous faults, some of which extend, to 
the surface (Beck, 1939). 

Another possible means for the dissipation of petroleum deposits 
is the movement of underground water. Students of Rocky Monti- 
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tain geology (Krampert, 1934; Coffin and DeFord, 1934) have sought 
to explain the absence of commercial deposits of oil in certain struc¬ 
tures otherwise favorable as due to the flushing action of circulating 
water. 

Even though visible evidences of the escape of petroleum from under¬ 
ground reservoirs may not be detected, evidence is accumulating that 
petroleum and petroleum gases penetrate the overlying strata and 
eventually reach the surface in minute quantities. Such microseep¬ 
ages may be revealed by precise chemical analysis of soils and subsoils, 
and the results of such analyses support the belief that in some degree 
all oil deposits are subject to continuing dispersion (McDermott, 
1940.) 

DYNAMICS OP PETROLEUM 

Petroleum and natural gas, as they occur in the earth, are conflned 
under pressure. Their geologic history is one of motion, and in their 
movement they obey laws of physics related to the flow of liquids and 
gases (Muskat, 1937). From the beginning of the oil industry it was 
observed that, when oil and gas sands were penetrated, the fluids which 
they contain were under pressure, the amount of which increased 
normally with depth. This was at first attributed to the weight of the 
overlying rocks and was called “rock pressure.” Lesley (1885) showed, 
however, that the pressure of the oil and gas in the reservoir was ap¬ 
proximately equivalent to the artesian head for the corresponding 
depth, and much less than the pressure which would correspond to the 
weight of the overburden. Nevertheless, the industry continued to use 
the term “rock pressure,” and it was not until many years later that 
pressure under which fluids are confined in underground reservoirs 
was termed “reservoir pressure” (Heroy, 1928). Reservoirs which 
occur in artesian basins and are controlled by hydrostatic head form 
one group, while those in which the porous bed does not reach the 
surface and consequently is not directly influenced by artesian con¬ 
ditions form another group. 

The outstanding example of a large oil field under artesian control is 
East Texas, in which the reservoir bed is the Woodbine sand. Tliis 
formation outcrops in east-central Texas and, after passing under the 
East Texas syncline, is truncated along the west side of the Sabine 
uplift to form a stratigraphic trap. The original reservoir pressure in 
this field was 1,620 pounds at 3,300 feet below sea level, which closely 
approximates the calculated hydrostatic pressure. It is probable that 
the sand is continuously porous from the outcrop to the field and that 
the fluids in it are governed by a common pressure system (Millikan, 
1932, p.902). 

Meinzer (1936) has pointed out that, in coastal plain areas, porous 
horizons may have a submarine outcrop and that there may be artesian 
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balance between the portion submerged under salt water in the conti¬ 
nental shelf and the portion lying under the land. His reasoning may 
be extended to coastal plain beds which have no surface outcrops be¬ 
cause of overlap or up-dip pinching, but which may have a submarine 
outcrop at the edge of the shelf- An explanation is thus afforded of 
the normal reservoir pressures noted in coastal plain oil fields (Cannon 
and Craze, 1938). Fluid relations in a large coastal plain field, Conroe, 
Tex,, have been well described by Michaux and Buck (1936), 

Reservoirs which are essentially sealed by surrounding rocks of low 
permeability may contain oil and gas under pressures which have no 
direct relation to the hydrostatic pressures corresponding to their 
depth. The oil and gas in such reservoirs may have pressures sub- 
BtantiaUy in excess of the equivalent hydrostatic pressure and tending 
to approach the pressure corresponding to the weight of the over¬ 
burden (Cannon and Craze, 1938). It has been noted that in some 
cases shallower reservoirs may have higher reservoir pressures than 
those in the same area at greater depths (Millikan, 1932). Reservoirs 
which are essentially lenticular in form and isolated from artesian 
conditions may he expected to contain oil and gas under a pressure 
determined primarily by the amount of gas which has migrated into 
the reservoir and, if the surrounding section were highly impervious, 
pressures approaching the weight of the overburden may be built up. 
Excess pressures in shallower strata may, however, in some cases be 
caused by supercharging from deeper horizons as a result of upward 
migration of oil and gas along zones of fracture or faulting. Unfortu¬ 
nately geologists, on the whole, have given scant attention to this 
phase of petroleum geology, leaving this interesting field mostly to 
petroleum engineers, 

CONCLUSION 

The natural history of petrolemn, from genesis to dispersion, is 
cyclical. In some regions where petroleum deposits occur, only a 
single cycle is represented, while in others several cycles, either partial 
or complete, may have occurred. In the preceding pages the writer has 
described in sequence the phases which form a complete cycle and the 
character of each. While each phase has been the objective of much 
scientific investigation, there is great variation in the quality and com¬ 
pleteness of the results attained. This is partly inherent in the nature of 
the problems themselves- Science, however advanced, is as yet not 
adequately implemented to investigate some of them, and the progress 
in the solution of others may be ascribed to the immediate importance 
of the results; economic considerations frequently determine the 
amount and thoroughness of research. 

Although petroleum geologists are conscious of the inadequacy of 
their present information as to many details of the petroleum cycle, 
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they have a feeling of pride that so much has been definitely estab¬ 
lished. The basic principles announced a half century ago have been 
tested, evaluated, and amplified j the work of the fathers was so well 
done that little has been discarded* New and more precise laboratory 
and field methods have made possible many studies which could not 
have been carried to success even two decades ago* Such a compilation 
as the present paper would not be possible without the existence of a 
wealth of data which have resulted from an immense amount of 
investigation* 

This work still flourishes. Each unsolved problem challenges the 
attention of a new generation of investigators with fresh minds and 
new techniques. Large industrial and educational units are facilitat¬ 
ing research on a scale far beyond the capacity of the individual worker* 
It may be expected, therefore, that the rate at which our knowledge 
of petroleum geology has advanced will be accelerated during the com¬ 
ing years. The writer who, 50 years hence, may be called upon to review 
the progress of a century of petroleum geology will find that many of 
the bafiling uncertainties of cur time will have been cleared away; many 
of the generalities and qualifications that characterize this paper will 
be replaced by more specific knowledge* Thrice armed though they 
may be, he and his contemporaries will still find in petroleum geology 
problems worthy of tlieir steel. 

WORKS TO WHICH EEFERENCE IS MADE 

In the foil owing list are included the publlcatioua referred to In this paper. 
While it comprises only a small part of the literature on petroleum geology, refer¬ 
ence has been made to the more important publications Id which the principles of 
petroleum geology are discussed. It will therefore to some extent serve as a guide 
to those who may be interested in more detailed con si derat Jo a of this subject 

Adams. Johiv Emebt. 

1934* Origin, migration and accumulation of petroleum in limestone reser¬ 
voirs In the western United States and (■iinada, in Problems of 
petroleum geology. Amen Assoc, Petrol, Geoi,, Sidney Powers Mem. 
TOl,, pp, 34T-383. 

Ashburneb, Chables a. 

1885* The geology of natural gas. Science, vol* 8, pp* ^-43. 

Atht, L. F, 

1930a. Density, porosity, and compaction of sedimentary rocks. Amer. 
Abhoc. Petrol. GeoL, Bull., vol, 14, No, 1, pp, 1*24. 

1930b. Compaction and oil migration. Amer, Assoc. Petrol. Qeo!., Bull*, 
vol* 14, No, 1, pp. 25-S5. 

Arwiii, E. R. 

1940. Significant developments in California, 1039* Amer. Assoc, Petrol. 
Geol., Bull*, vol* 24, No. 0, pp. 1112-1125, fig. S. 

Babton, Donald C. 

1934. Natural history of the Gulf Coast crude oU, in Problems of petroleum 
geology. Amer. Assoc. PetroL Qeol., Sidney Powers Mem. voL, pp. 
109-155* 


PETROLEUM GEOLOGY—HEHOT 


193 


Babtoit, Donau) C., Ritz, C. H., and Hicket, Matoe. 

1933. Gnlf Coast geosyoollne. Amer. Assoc. PetroL GeoL, Bull*, vol, 17, No* 
12, pp* 1446^1458. 

BiBTOH, DoiffAOj C*, and Sawtelle, Geobge (editors)* 

1936. OuLf Coast oil fields* Amer. Assoe. Petrol QeoU 
Beck, Eubeis. 

1929* Salt Creek oU field, Natrona County, Wyo*, in Structure of typical 
American oil fields, voL 2, pp* 5S9-603. Amer* Assoc* Petrol* Geol* 

Behl, E* 

1938. The origin of petroleum* Petrol* Tedin*, toI* 1, No* 2, Teelm, PabL No, 
920, pp* I'-IS. 

Bixxii?oble;y, J* E* 

1934 Occurrence of oil and gas In West Tirglnla, eastern OMo, and eastern 
Kentucky, in Problems of petroleum geology. Amer. Assoc* Petrol* 
Gteol*, Sidney Powers Mem* toL, pp* 485-514 
Brooks, Bei^jamin T, 

193a Origins of petroleums: cbemieal and geochemical aspects. Amer, 
Assoc* Petrol* GeoL, Bull*, vol* 20, No* 3, pp. 280-301* 

1938. The chemical and geochemical aspects of the origin of petroleum, in 
The sdence of petroleum, pp* 47-53* Oxford tJnlv* Press, 

Bucher, Walter H* 

1933* The deformation of the earth’s crust, 518 pp* Princeton Univ, 
Press* 

Caknon, G* E*, and C^zE, B* O* 

1938* Excessive pressures and pressure variations with depth of petroleum 
reservoirs In the Gulf Coast region of Texas and Louisiana. 
Amer. Inst Min. Metall* Eng*, Trans., vol* 127, pp* 31-38* 

Cabll, John F, 

1880* The geology of the oil regions of Warren, Venango, Clarion, and 
Butler Counties* Second Pennsylvania Geol* Surv*, vol* 13, p. 4S2* 
Carman* J. Ernest, and Stout, Wheke* 

1^4* Relationship of accumulation of oil to structure and porosity in the 
Lima-lndlana field, in Problems of petroleum geology. Amer. 
Assoc* Petrol. Geol., Sidney Powers Mem* vol., pp* 521-529* 
Chance, H* M. 

1887* The anticlinal theory of natural gas, Amer. Inst. Min, Metall* Eng*, 
Trans*, vol* 15, pp, 3-13* 

Cheney, M. G* 

IMO. Geology of north-central Texas* Amer* Assoe. PetroL GeoL, Bull, 
voL 24, No* 1, pp* 65-118. 

CizANOouKT, Henry de* 

193L Geology of oil fields of Polish Carpathian Mountains. Amer* Assoc. 
Petrol. Geol*, EuU*, vol* 15, No. 1, pp* 1-^. 

Clapp, Fri3jebxck G. 

1929* Role of geologic structure in the accumulation of petroleum, in 
Structure of typical American oil fields, voL 2, pp* 667-716, Amer. 
Assoe. PetroL Geol. 

Cxabk, Frank R* 

1934 Origin and accumulation of oil, in Problems of petroleum geology. 

Amer. Assoc* Petrol* Geol., Sidney Powers Mem* vol., pp. 309-335* 
GoiTTN, R* Clare, and DeFobo, Ronald E* 

1934 Waters of the oil- and gas-bearing formations of the Rocky Moun¬ 
tains, in Problems of petroleum geology* Amer. Assoc. FeteoL 
QeoL, Sidney Powers Mem. voL, pp* 927-952* 



194 ANNUAL aBPOBT SMITHBONlAN INSTITUTION, 10ia 

OciTJ.tNavrooik, D, U., anil Rntun, B, EL 

Ifliaa. Lyrton Sprln*a <>J1 flelU, CaMwrfl Connty, Tci. Amftr, Aaauc. PtlroL 
Ocol., Bull^ TuI. 10, Kq. 10. Iiip. 051-015. 

CoouuiCK, Mr 

Dlstrtbntton rif petroleum: Polimdi in Tha Bcleoce ot peErclainii, 
177-133L Oifard Unit. FhsA 

Duta^ jAMt^ D. 

im. Uaniml ol IW* ^ appeadli h, pp. 7<S0-7S7. 

DxGot-m, E. 

1051^ on AEsocIaLed wlUi Ifinwnfl rocta lo Msxko. Amer Ansoc. FatroL 
Owl., Biill^ Tol. 10, No. a pp T93-«M. 

Dcmeo^r^ A B-k Oldhaii, A. E^, and RfeWMd, J. W., Jl 

li>a3, StrurtorB nod atrfttlerfipl]? of Kn)apy antlcUaefc Dpahor Oounty, T«j. 
Anwr. Abhhl Petrol. OeoL. Boll-, toL II, Ko. e» pp. 

Fmrc CHAfii£8 E. 

less. Tiie Bradford oil field. Pen isayIranJft and New Tort Peaiwlirdiufi 
Oeol- SnrT.* ^er, 4^ Boll. U2L9- 

Gbjbwolo, W* T., flod lStnt:c* M, J. 

IdOIp Geolo^ uf \JUq oil find (P*J^ fleldi In BlenUcu^Op Bnnjattatown, and 
Glaji^ille iluadtnoglea, OlilOp TVeit Vli^toUtp end Penn^lTnnSm 
U. S. Geol. Surv. Bull 3ia PT'. 

HAC^fOHP, I. E. 

■Li3s&2. "TIm? chemlHtry of tlie coUTerelon of algae fnta bltmnen and petrolcuro 
and of fbe fnraalte-potioletnii cyda Joum. Inrt, PeiroL ^eclia^ 
voL IS. pp. 14^123, 

Hake, B. F. 

HKia Genlobdc octarrcnce of otJ and gaa in MlnlilEan. Ajaor. PetroL 

Geol.. BnlJ^ voL 22* Ne. t pp. S03M15. 

BAUifAE, HaWTI-D E. 

1PS4 Relatloii of mlnroor^oLimE to i^iierfttSon of petrolfn Probleme 
of petroleom ceoloey. Aiacr. Asuoa Petrol. QeaU Slin^ Fa wart 
Mem. vo!.+ pp. BMSu 

HeATSh DAlar WiSfllTlED, 

111.37, Compreben^Lfe Indeic to tbe pfnbl Jen Ilona of American Aeioda- 
Hon of Petroleum Goaloglatii. ^ pp. Tolaa. 

H£aOLII, gTATMT C, 

H©3. Criteria for determining the tlmO of acmiinalatlon rmder npHlal dr- 
eumatAnm. Amer. Aiwe, PcItoIh OeoL* BuU., toL 22, No. 1, PP- 
S31-S51. 

HQjOT, WlU^lAU E 

lliafl. Boct prewure. Amer. Aami. Petrol, Geol., Bull., toL 12, No. 4, prp, 
3S5-aa4. 

HLArractttK, £L 

IDCta Naptlben- nnd MotbanWe, Ibre giKtInflIarlin Yerbreitung und Ent- 
, Mtdiung. a^tei dsr B™iwtaff43«i1ofla, Tol. t ^tattgarl 

eoa£ON, G-1>. 

less, DlatrlbnMon of petroleiun : V. S, &. E, in The i^ilenco of petroleain.* 
pp. Oxford UdIt. Prase. 

UovXMSMr W- IT, 

1IK!§. A daB^ldcatloD af llmestnna reserTolra. Amer. Awioe; FetroU GeoL, 
BulL, toL 12* No* 12. pp. 11153-1101. 

HtT^rr^ T, STtmT. 

ISOI. Notea on tb# blatoty of nielroleum or rodc-olL Ctnadlan NaL, roL 
pi:l 



PETBOLETOM OEOLOOT—HEflOT 


195 


TlU^flp T. tL m V 

Til* iDl^BClDn C 3 f oil Jinil miiuxal Jnnni. Iiut, PetfOi Twlin-, 

Tol. J% pji, 

UlJ^tTltratliJB vt petroleum J Eastern yeottnela find Trliildadp in Tne 
llc^En» of pp- lOG-llO. Pre^v 

IfiSSlJL Tbfi ffllffnitlon at oU* fvi Tbe BclenEs of peUol^mui PP- 2fl3-^lfL Os- 
ford Vfii’f- Pniffit. 


KaAMiWTp E. W, * TTT 

Gtolcgiciil ^flrectorlHtlc* of producing oil And flciyS ta wjomlniv 
Colorado, and nortliwMtem New Mesfco, in ProUleunA of i>efPOleum 
Ahjm. Af»oc. Petrol. Gwl.* SlduBj Powetn Mem. toL. 
pp. tS^tSSL 

LjkHEEr FBOTEBJO H. 

1929. oil lud KPS fields Of the Mesla aod TehnaiuiM ftiolt fonc^. TeWr 

In Htrarltit^ oI typicfll Americnn oU fields* toL 1* pp- a^H-SBE. Anaop* 
Awe. Petml. Oeol. 

LEf:Ah G. M. 

iSaS. Ecscrvolr TOfSa ol Fenian oil flel<*a- Amer, Aisoe, PetroL Qeol., 
Bull, TOl. IT. No. B. PPL ffiO-aiO, 

3B39L The gi»logT dt the oU Qfld hell of Iran anfl Iraq, in The BCtence of 
petroleum* pp- 140—J‘45*- OiXord Unl^* ProML. 

l4EfffXT* J, 

18S5. f?ome gencml TOWddcffitSnM of the pressure. auentSly, eoiuswsitloii 
and fnel-Tfilue of roek-grtK or tha rmtuml gfl* of dU reglorte of 
PennflylvjinlH, Ann, Kep, PeiiiiHylTanla Geol. Burr. pp. 

ftSi-fiSO. 

The geelojiy of the Plltsborgh eftBl-rBflon. Amce. tnst* Min. Mfltall. 
EDg.» Trniui.t soL 14, pp. 013^4 

tjrratimc^ A- 1. « t. 

HKa>. GrentET Seminole dlJrixlcl, Seminole nnd PottJiwatoiBle CmantleH, 
OklAhnnm, in Btruettire of typlc&l Ameticftn nU fiiddir veL S, pp* 
31&^. Amer. Assw. PetroL QmI. 

IOSOl Time of oil Riljtrntlon iind aecumiilatlon (■listrtiiCt)i OU Weekly * Tot 
7^1, No. Id. p, ifi. 

StraLlgitLPlLlc TetJ™ stmcttiral nceomDlstlDii. Amor. Awe. ietroL 
OboI.* Bull., TO). 20, No. H, pp, fi3l-S90. 

Lewis, J. WHmfiT. 0*1 

1032- Oceurrance of oil In Ignonas rodts of Coba. Amer, Awe. Fetrei. 

OeoL, BnU.. toL 10, No, 8> pP- SD£Niia 

Li:tr^ Tii£«>OBE. pnd MookE, P. D, . * 

1004. Structure of Tamer Valley oil and rob field* nAlbcrta. Anier. Assoc. 
PeirtiL 0«oL, BulL, Tol 18. No. 11. PP. 141T-1453. 


Lyixl. 8m CoAsLK 

U&42. Principled of geoloflj: or, 
Lnliabitanta, cotuildcred 
A Co., HdbIozl 

McCof, kus. 

lE^ A brief ontLIna of some 


the DflodEfii changes o£ the earth und Itfi 
as umstratlTe of goology* RLUlard, Gray 

oil aeeamuJatlon prahlenisi Amer. Awe. 


PKrol. flcni., Doll., toL 10, No. Uf PP- I01&-10a4. 


McCi>r. ALKX W«, and Kterrs. W« noaa. 

lOM. Prcflont IniorprctoIlona of tta stroettiral theory ot oil ana pa ial 5 «i- 
tkoa and acomaulatJon, In ProWema of petmlcuio ewl^w- Anwr, 
iUsocL PettoL Qiwl.. atdner Power* Mem. tbI., 2S3-307. 


196 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1943 
McBeemott, EuGEim 

IMO Geocbemical exploration (soil analysis), Ajner, Assoc, PetroL Geol., 
Bull., vol, 24, No. 5. pp. 859-881, 

McGee, D. A*, and CiawsoHj W, W,, Jn. 

1932, Geology and development of Oklalioma City field, Oklahoma. Amer 

Assoc. Petrol, Geol,, BolL, toL 16, No. 10, pp. 957-^1020, 

McGee, W, J, 

1890. GeoL Soc. Amer., Bull., vol, 1, p. 97. 

Meinxeb, 0, E. 

1936. Movements of ground water, Amer, Assoc, Petrol, GeoL, BulL, vol, 
20, No. 6, pp, 704-T25, 

Michaux, BVaitk W,, Jr,, and Buck, E, O, 

1936, Conroe oil field, Montgomery County, Tex, Amer, Assoc, Petrol, 

Geol., Bull., vol. 20, No. 6^ PP. 736-7791 
MnjjKApr, C, V. 

1982, Geological application of bottom bole pressures, Amer, Asssc, Petrol. 
Geol,, BulL, TOl, 16,'No, 9, pp, 891-906. 

Mixob, H. E,, and Hajina, Marcus A^ 

1933, East Texas oil field, Amer, Assoc, Petrol, GeoL, BulL, vol, 17, No. 

7, pp. 757-792, 

Muia, Johit M, 

1^, Limestone reservoir rocks in the Mexican oil fields, in Problems 
of petroleum geology, Amer. Assoa PetroL Geol, Sidney Powers 
Mem. voL, pp. 377-3^, 

Muniv, Malcolm J. 

1909. The antljcllnal and hydraulic theories of oil and gas accomialation. 
Ecoil GeoL, vol. 4, pp. 509-529. 

Muskat, M. 

1937, The flow of homogeneous fluids througb porous media, 763 pp, Mc¬ 

Graw-Hill Book Co. 

OktoNj Edwaed. 

1888, The origin and accumulation of petroleum and natural gas. Hep, 
GeoL Suit. Ohio, voL 6, chap, 2, pp. 60-100. 

1890. Origin of the rock pressure of natural gas in the Trenton limestone 
of Ohio and Indiana. GeoL Soc. Amer., Bull., voL 1, pp, 87-94, 

Pack, R. W* 

1920, The Sunset-Midway oil field, California. U, S, Geol, Surv., Prof. 
Pap. 116, pt 1, pp. 1-179. 

Peckham, Stephen F, 

1884. Report on the production, technology, and uses of petroleum and 
its products. U. S. 10th Census Rep,, voL 10, 319 pp. 

Pratt, Waixace E, 

1934, Hydrogenation and the origin of oil, in Problems of petroleum 

geology. Amer. Assoc, Petrol. Geol,, Sidney Powers Mem, vol., 
pp. 235-245, 

Rich, John L. 

1923. Further notes on the hydraulic theory of oil migration and accumu¬ 
lation, Amer. Assoc. Petrol. Geol,, Bull., voL 7, No. 3, pp, 213-225, 
1931, Function of carrier beds In long-distance migration of olL Amer. 
Assoc. Petrol. GeoL, Bull., vol, 15, No. 8, pp. 911-922, 

1938, * Shorelines and lenticular sands as factors In oil accumulations, in 

The science of petroleum, pp. 230-239. Oxford Unlv, Press. 


FETROLEITM GEOLOGY—HEEOT 


197 


Booers, H. D, 

1880, On tlie distribution and probable origin of the petroleum or rock- 
oil of western Pennsylvania, New York, and Obio, Proc, Fbilos. 
Soc, Glasgow, voL 4, pp, 335*^59. 

Sandees, J, McConniuu 

1937* Tbe microscopical examination of erode petroleum, Joum, Inst 
Petrol* Teebn*, toL 23, pp* 625S572. 

Sands, J, Melvujjel 

1927, Burbank field, Osage County, Okla, Amer, Assoc* PetroL Geol,, 
BuU., vol. U, No. 11, pp. 1045-1054. 

SCHUpTHUIS, Raiph J, 

1937. Connate water 5u oU and gas sands* Amer, Inst Min, MetalL Eng,, 

Trans*, voL 127, pp, 19fi-225. 

Sellaeds, B* H* 

1932. Oil fields In Igneous rocks in coastal plain of Texas. Amer, Assoc, 
Petrol. GeoL, Bull,, vol, 18, No, 8, pp. 741-768. 

^ Snideb, L. C. 

1934 Current ideas regarding source beds, in Problems of petroleum geology, 
Amer, Assoc. PetroL GeoL, Sidney Powers Mem. voL, pp. 51-66L 
SPIEKEB, E* M. 

1931. The Wasatch plateau coal field, Utah. IT, S. Geol, Surv, Bull. 819, 

p* 16, 

Stout, Witam 

1936. Source material for petroleum and natural gas. Amer, Assoc* PetroL 
GeoL, BuU,, vol. 20, No, 6, pp, 797-804, 

Thom, W. T., Jb,, and Sfiekeb. Edmund M* 

1931. The sigulfleance of geologic conditions In Naval Petroleum Reserve 

No* 3, Wyoming, U* S* Geol, Surv, Prof, Pap. 163. 

Tobret, Paul D, 

1934. Origin, migration, and accumulation of petroleum and natural gas iu 
Pennsylvania, in Problems of petroleum geology. Amer* Assoc* 
Petrol* GeoL, Sidney Powers Mem, voi., pp, 447-484 
Tease, Pabkeb D* 

1932. Origin and environment of source sediments of petroleum* 323 pp. 

Gulf Publlstalng Co,, Houston* 

1938, One way of finding oil more cheaply* Drilling and Production Prac¬ 

tice, 1937, pp, 3S2-39S, Amer* PetroL Inst 
Trask, Parker D*, and Wu, C* C* 

1930* Does petroleum form In sediments at time of deposition? Amer* 
Assoc. Petrol. GeoL, Bull., vol, 14, No* 11, pp* 1451-1463. 

Tbiebs, a. 

1934-1935. Chlorophyll- und Hiiminderlvate in bltumlnosen Gestelnen, 
Brdoel, Erdwacbsen uud Asphalten* Ann. Chem*, voL 610, p. 42; 
vol, 617, p. 172. 

Twenhofex, WnxiAM H. 

1932. Treatise on Bedlmentatlon, 2d ed., 926 pp. The Williams aud Wilkins 
Co*, Baltimore, 

1989, Environments and origin of black shales. Amer, Assoc* PetroL 
GeoL, Bull*, vol. 23, No* 8, pp, 1178-^1198* 

Udden, Johan A,, and Btbee, H. P. 

1916* The TbraU oU field* Univ, Texas Bull, 66. 

666768 —U -14 


198 mmiAL bepobt smithsoijiak iNSTmrrioiir, 1943 

ViMLirYS, Jah, 

1932. Factors involved in segregation of oil and gas from sabterranean 
water, Amer, Assoc, Petrol, GeoL, BulL, voL 16, No. 9, pp, 924-“942, 
White, Dath). 

1935, Meta morphism of organic sediments and derived oils* Amer, Assoc, 
Petrol Qeol,, Bull, vol 19, No, 5, pp, 588-617* 

White, I, C* ^ 

1885a, The geology of natural gas* Science, vol* 5, pp, 521-522, 

1885b. Reply to Aebburner. Science, vol, 6, pp, 43-44, 

1S86. The geology of natural gas. Petroleum Age, vol. 6, pp, 1263-1267, 
1464r-1465, 

1^2, The Mannlngton oil field and the history of its development GeoL 
Soe, Amer,, Bull,, vol 3, pp* 187-216, 

WiLsoif, W, B. 

1927* Geology of Glenn pool of Oklahoma, Amer. Assoc, Petrol QeoL, Bull,, 
vol 11, No, 10, pp. 10S5-1065. 

1934, Proposed classification of oil and gas reservoirs, in Problems of 
petroleum geology. Amer, Assoc. Petrol Qeoi., Sidney Powers 
Mem. vol, pp, 433r445. 

WOOLNOUGH, W* Q. 

1937, Sedimentation In barred basins and source rocks of oil, Amer. Assoc, 
Petrol Geol., Bull, vol 21, No. 9, pp, 1101-1157, 



THE m2 EBUPTIOK OF MATINA LOA, HAWAH ^ 


Dy Q<HU»:r A. Macdoitau 

Qcoloffical SitTvcy, U, S- of Irttirior 

Hmvlvlv, T, H, 


[With a piMtca j 
INTllODCCriON 

Maun Cl Loa Tolcano, on tlie island of Hawaii^ is probably the 
lar^st nnd most active volcano In the world- It rises to a height of 
13,680 feet above sea level, gind some 80,000 feet above the surrounding 
ocean floor. On the north and northwest its great lava shield abuts 
0 gainst Uie dormant or extinct volcanues of Manna Eea and llualalai, 
and on its southeastern slope rests the smaller, younger shield of 
Kil&ijva volcano (fig. 1). 

Mnuna Loa is a broad, basaltic shield volcano transected by three 
great scries of fractures, known as rift zones, which intersect at tlie 
summit in theealderaof Mokunwcoweo. Along them have taken place 
moat of the innumemble eruptions which built iiji Uie mountain. One 
rift zona extends from the summit southwestward to the southern 
point of the island. Another extends northeastward toward the city 
of Hilo, and n tliird, less prominent one tretiils tiortUwestwsjrd toward 
Hualfilai volcano. The rift zones are marked on the surface by many 
cinder cones,spatler cones, pit craters, and open fUsurea. 

Throughout recordedhikory, Mauna Loa bos erupted on an average 
of on(» nvpiy 8.6 years, but the frequency of eruption may actually 
be somewhat greater owing to tlie poasibility of snail summit erup¬ 
tions having escaped notice during the earlier part of the period of 
occupation of Iho islond by white men. During the 110 years since 
the first recorded eruption, in June 1882, Mauna Loa has been in ac¬ 
tivity approximately 2,52T days, or 6-3 percent of the time. FLenk 
eruptions occupied about 8.3 percent of the total elapsed time, and 
eruptions in and near the summit caldera occupied 3 percunt of the 
time, 

^rvbllabMl hf ixrntMloD of tho DHoetor, Oeolcclril SOFTEJ, u. a. UfrortucHt of Iht 
Intflrlor. fieprLnt^nti bj fbgrKlkilaii trdza tbft Amertcan of irdl. Nd, 4. 

AprU 11343. 
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The letpst [wriod of activity of Maun a Loa commenced on April 
2G, 1&12. A fissure opened across the caldera and a short way down 
the northeastern slope, and lava fountains played along it. Two 
days later the principal eruption hegari along a liosure In the north¬ 
east rift zone, at an altitude of P,2(HI fcoh Activity continued until 
May 10, 104S, The last preceding activity had b^n in when 



2oml]es 


riOUAlfi 1.—limp of Lifloiid of Hnwall, Hbowini;^ ih\3 Iwratlon of the 
ImTA flow (HOliil hi tick), uud otbiT bistorJc Oowv of Muima lAm pnd Kllpticft. 

lava fountains played in the summit caldera with gradually abating 
strength from April 7 until August, 

The following account of the eruption of 1?12 is based partly on 
personal observation and partly on data gathered from other ob¬ 
servers. The aetivity at the vent at 9^ feet was watched at close 
range throughout its duration by a suceassion of witnesses, but the 
early summit aetivity was seen only from a distance. Most of the 



















UKUPTION OF LfAUJJA LOA“MACt»OJ^AU> 


201 


observations used^ other tlmn those of the writeri wero made by the 
perBonnfl] of tho HawnJiaii Volcano Ohsan^atory and Hawaii Natiuiial 
Park, and tho writer wishes to thank all ihoae who contributed in- 
format ion for their gcTierous coo£M;ration. Special thanks are due 
LL P- E. Schulz for his description of ilia frtunt of the flow. R, H. 
Finch, Director of the Hawaiian Volcano Obserratory, H. T. Stearns 
of the 9. Gefjlogrcal Survey, and C* K. Wentworth of the 
Honolulu Roard of Water Supply, have kindly I'Csd and criticized 
the manuscript, James T. Nitta prepared the tUustratioiis. 

PrtKDICnON OF TTTB FRUPTrON 

The 1942 eruption of Manna Loa was predicted by K. H. Finch 
eeveral months in advance, on the basis of seismic activity, coupled 
wiLli l.liH know 11 [leriodicity of the vnli.':iiio- On February 8, 1942, 
a strong earthquake occurj^ on the line of the northeast rift zone 
riKir HUn, at a depth of 27 miles.’ This was followed by a series of 
quaksfj which migrated up Oie northeast rift, across the summit, and 
a short way down the southwest rift, then returned across the summit 
and acttl^l in th^ northeast rift. Th? seiHudc actirity will be de¬ 
scribed in detail by Finch in another paper. 

In memoranda for the SuperintendenL of Hawaii National Park, 
dated hhircli 1 ajid Bj 10^, later published in the local newspapers, 
Finch called attention to tho growing uneasiness of hfauna I^naj 
indicated both by earthquakes and tho accumtilation of easterly tilt 
at the Volcano Observatory. Easterly tilt has long been known to 
indicate tuiMScence of Maun a Loa accompanying the rise of magma 
pressure preceding eruption. In a memorandum dated April lO he 
wrote, progressive splitting of the nortlieast-soutbweifL rift of 
Mftuna Loa that was pronounci&d in February contmued in March 
* • * If Mauna Loa erupts within tho nert several months, as 
seems probable, the indications point to n flank eruption from the 
northeast rift.”’ Although military considerations forbade release 
of the prediction, its value as a ccmtrlbutioD to practical volcanology 
mnains unimpairsd. 

BESCBTPTION OF TOE EttUFTlOK 
E^RLT eTTMJfTT A t U VII I 

The eruption commenced on the evening of April 26, 1912, with 
activity along a figsure tlnU opened part way up the cliffs on the west¬ 
ern side of Mokuaweoweo caldera and acroes the smaller pit crater, 

* rinFh, E, II., ppi^nal comnnaleaUafi. 

■ FlUrC^, E tl., lli2iiaiirdA4j[Lm to S^pa^nTmaeni ot nuiroU IfAttoniJ Pulr, AprU la 
iDia. 
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known as North Snj, which adjoins Alokuawcoweo on the north. It 
was first reportefi by obwrvers about 0 p. m., but the seismograph 
7«cord shows that it actualLy commenced at 6:06 p. m* * I.^ivu foim- 
lains played niong the fissure, building up small ramparts of spatter, 
and streams of molten palioehoo* ciiscadeil down the caldcrti wiilig 
forming ti hra Sow along the base of the western wall and nrciunii the 
west and north edge:^ of North Bay. Shortly afterward the fissure was 
extended on down the northcnstern flank of the mountain for a dis¬ 
tance of 2^ mileg:, passing close to the south edge of the main coul 
of the 1935 eruption. Highly Quid lava issued from the fissure along 
its entire length. Small sputter ramparts were built in places, but in 
general there was little accumulation of spatter along the fissure. 
Much of the early lava wiis covered with a pumiceous top, half an inch 
to over an inch thick, owing to the extreme vesiculntioii of the gas-rich 
magma. The lava flow streamed northward down the mountain slope 
toward Maun a ICeo, for several miles, dividing into two major lob^. 
Pohochoe near the source pive place to aa* at the lower endn of the 
flow. On the night of April 26 die fume column, illuminated by glow 
from the founluins beneath, was clearly visible from Kilnuea, rising 
nearly vertically to on altitude of about 15,000 feet and tlicn drifting 
eniifh westward. 

At 2 a. m., April 2T, G. O. Fagerlund and B. ,1. Louclu, of Hawaii 
National Park, began the ascent of tlie mountain. The ground was 
quaking continually, averaging three or four distitirt ehoebn a minute. 
On reaching the rest houEo at Ptiu Ulauln, at an altitude of 10,000 feet, 
tJie shocks apiienred to originate directly beneath their feet, and a 
crade heavy pendulum set up by Loucks showed almost no lionEontnl 
displacement They therefore decided to remain at Puu TJlaula in¬ 
stead of continuing to the summit, as had been planned, and as a result 
they had the rare pririlcgo of wituessitig at close range the opnnLtig 
phases of the flank eruption. 

TLXSTK tavpnost 

Opening phate .—At 4; 40 a. m., April 28, molten lava broke out 
along a fissure in the northcaat rift xone about miles east-northeast 
of Puu TJlaula (fig.!). Fagerlund andLoucks reached the site of the 
eruption at T: 30 a. m. At that time a nearly continnoua sheet of lava 
fountaina was issuing from a fissure over half a mile in lengtii, form¬ 
ing the “curtain of fire” frequently observed during the opening 
stages of Mauna Lea eruptiona The fissure extended from an alti¬ 
tude of about 0,500 to 0,200 feet, with a trend of N. 85* E. The foun¬ 
tains played to heights of 200 to 800 feet above the ground. 


^Finebp EZ., pfirv4iiiA| evmmastrtdoiir 
■ P4baf‘hfWi«1|.V|| tiuit POllfilLll Is ■EHiyt^tbu KiQlfVUlDAI ropj 

* wtib ft eUDk«7 tAp. 
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During the day the fissure gradually lengthened down slope^ its 
course changing to N* 70® and by S p, m, the total length of the 
erupting fissure was about a mile. Fountains were active along both 
its upper and lower ends. Along its middle part lava welled forth 
copiously^ forming a lava river which followed the course of the fis¬ 
sure. Along this portion of the fissure fountaining was much less 
prominent than elsewherej but occasional bursts of fountain activity 
through the river suggested that the paucity of fountain activity re¬ 
sulted from drowning of the fountains by the lava river. Thin flows 
of very gas-rich pahoehoe were poured out on both sides of the rift 
and flowed downhill alongside it, changing to aa half a mile below 
the bend in the fissure. Fountain activity reached a maximum at 8 
p. m. on April 28, the fountains attaining a height of 500 feet, or a 
little more. 

The fissure along which the lava broke out extended up the mountain 
probably to the summit, and although no lava issued in the zone be¬ 
tween 10,000 and 12,000 feet, fume was observed at several localities. 
Fume was also noted at the source cone of the 1935 eruption. Lava 
extrusion at the summit decreased greatly on the 27th and appeared 
to have stopped when the flank eruption began. Fissuring was later 
found by E. H. Finch also to extend well down slope from the locus 
of the eruption. Several observers reported seeing new lava fountains 
on the northeast rift near the summit late in the afternoon of May 1, 
but this reported eruption was probably merely the effect of sunset 
colors on a fume cloud, as it was not visible after dark. Moreover, 
it appears unlikely that once the activity had broken out at 9,200 feet 
altitude, it would migrate back up the fissure and break out anew at 
or above 12,000 feet. 

Shortly after the outbreak at 9,200 feet altitude, lava issued at an¬ 
other locality 3 miles farther down slope, at an altitude of 7,800 feet. 
This lower locality had none of the characteristics habitually ex¬ 
hibited by true vents on Mauna Loa. The lava issued relatively 
quietly from beneath the toe of an older aa flow which overlies a still 
older brown pahoehoe. Fume was liberated in much less volume than 
at the vent at 9,200 feet, and no lava fountains appear to have been 
present. Only a veiy small amount of dense spatter was formed, and 
the lava was denser and much poorer in gas than that at the higher 
sources. Steam issued from arcuate fissures which lay at approxi¬ 
mately right angles to the flow and to the rift zone just above the point 
at which tlie lava issued.^ No traces of fracturing parallel to the rift 
zone could be found. This lower outbreak probably represents lava 
draining through an older pahoehoe tube which intersected the erup¬ 
tion fissure at some point higher up the mountain. 

’An excellent aerial photojtnaph of tbe lower tonrGe* showing these featores, has been 
publlsbed Id Life, toI. 12, No, 22. p, 36, Jane 1. 1942- 
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After attaining its maximum length and strength on the evening 
of April 28, the fountain activity at the vent at 9,2M feet gradually 
became restricted to the central part of the fissure, building up a chain 
of cinder and spatter cones 1,000 feet long. The restriction of the 
fountains marked the end of the opening phase of the fla^ 

This opening phase was characterized by the “curtain of fire 
ing nearly uninterrupted along a fissure over a mile m length, and 
by the copious outwelling of lava along the fissure with the bu ding 
of low ramparts of spatter but no true cones. 

MiddU The middle phase of the flank eruption was char¬ 

acterized by lava fountains restricted to the central part of the fissure. 

It was a phase of cone building. . , . • iu 

H T Steams and the writer reached the lava fountains late in the 
afternoon of May 2. For 1,500 feet at its western end activity along 
the fissure Tvas confined to the liberation of fume, although the walls 
in places were still red hot. At night pale blue flames, having the 
color of hydrogen flames, were seen at two places rising 6 or 8 feet 
above the ground. The lava fountains during the early phase of the 
eruption had built a rampart of spatter cones 10 to 20 feet high. 
In many places the spatter cones had bridged the fissure, and it was 
possible to cross to the other side. Several of the cones were partly 
coated with thin deposits of sulfur. The fume along the upper part 
of the fissure was largely steam, but the odor of boric acid was de¬ 
tected in several places. j 1 nArt 

Lava fountains were still vigorously active for a distance of l,UOU 
feet along the fissure, and had built up a chain of spatter and cinder 
cones to an average height of 75 feet (fig. 2). The westernmost of 
these cones had exceptionally steep sides, and enclosed a vent from 
which there was no true fountaining, but which liberated great rolling 
clouds of fume (pi. 1, fig. 1). Occasional violent gas explosions at this 
vent hurled blocks of pumice high in the air. At other times pen^ 
of strombolian activity of a few minutes duration occurred, during 
which there were ejected ribbon- and spindle-shaped bombs which 
cooled during flight and struck the cone in a solid condition, to roll 
clattering down its sides. The most copious ejections of pumice were 
of several minutes duration, and were accompanied by a roaring sound 
of escaping gas. Blocks of pumice, of a pale tan color, some of them 
as much as 8 or 10 inches across, were projected to heights tetimated 
at 1,000 to 2,000 feet. The larger blocks shattered on striking the 
ground. Smaller pumice fragments pattered down like rain on the 
hat brims of the observers. 

The rest of the cone chain was in typical Hawaiian activity. Lava 
fountains played to heights of 100 to 400 feet above the cones. At 
night the color of the molten lava in the fountains varied from 
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ornnge fo palft jellow, indi^iating t^nnperatum in the vicinitj of &00^ 

C, Irregular slired» of molten kvu, piaoj of them jiCToral feet 
across^ were hurlsd into tlie air (pi. It fig- 2)^ accompanied by the 
coDSt&nt evolution of large volumes of fume. The magma ahreds 
gradually cooled during flighty and chflnged in color to red and then 
Uy purple, and many of them to black before they si nick I he ground. 
Moat fell back into the ventsi but ocoaslotially aliowcrs of 0 }ccta struck 
the outer sloped of tha cone^ in splashes of fiery red liquid- The 
fume cloud ranged in color from wldte to bluish^gray and pale 
reddish-broTvii, the hitler color being predominant. The cloud smelled 
strongly of sulfur dioxide. The ground in the vicinity of the vents 



a—Ofolootc eketeh map t^r tlio will area ai 0,200 feet alUtnAe tSarliif the 

f^mptEon ot Muuiiiu Lua, on 2, 


was constantly Rgitaiedj the tremor resembling that caiis«?d by the close 
parsing of u heavy railroad train. 

The pohoehoo flows extruded at I he begin tiing of the eruption were 
cool enough to walk over, but too hot to sit on for more than a few 
minutes. Food was easily cooked over hot cracks in the lava^ and 
glowing rock could be seen at depths of a few inched The odor of 
boric add was detected at several cracks in the lava, and tlie so-called 
foundry odor, resembling the smell uf hot iron in a bliicksmlth sliop, 
was cODhtantly preaenL The lava was exceedingly frothy. Thin 
^ells S or 3 inches thick covered cavities a few inches to 2 or 3 feet 
deep and several feet ncro^ss. Mtuiy of those cavities were pahoohoo 
tubes^ but others ended in Jobes against tha adjacent older lava with 
no possible means of escape for any enclosed liqui d- Tlie latte r cavities 
are prrjbably the result of inflation by expanding gases in the highly 
gas-rich, fluid pahoehoe. 
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At tlie lower end of the cone chain there issued a lava river 60 feet 
wide which flowed seaward through an open channel along the course 
of the eruption fissure. The speed of the fastest-moving central part 
was estimated to be 15 to 20 miles an hour* * This speed is comparable 
to that of 25 miles per hour determined by stop-watch observations 
by M* H. Carson during the 1926 eruption,® and 7 to 19 miles per hour 
by C. K, Wentworth during the 1935 eruption*® Near the cones small 
fountains occasionally erupted through the lava river. It was impos¬ 
sible to approach close to the river on May 2, but on the 4th the writer 
crossed the eruption fissure and obtained an excellent view of the river 
from the north side nefii the lower end of the cone chain* Its surface 
undulated and bounded like that of a large river of water in flood* 
Broad standing waves, 3 or 4 feet in height, extended entirely across 
the river* Where it left the cone, its entire surface was one of orange- 
red molten lava, but crusts of gray, ropy pahoehoe started to form 
within 100 feet from the cone, and 200 yards downstream the river 
was completely crusted over. The crusts were repeatedly broken up 
and swept away, many fragments slowly tilting, elevating one edge 
above the river before sinking out of sight 

On the morning of May 4 the fountain activity had become largely 
restricted to a single central fountain, which played to an average 
height of 150 feet above the cone, with occasional bursts going as high 
as 500 feet. The cone had increased in height to about 100 feet. 
The vent at the western end of the cone chain, which had been in 
strombolian activity on May 2, had become a roaring gas vent with 
occasional violent explosions hurling ejecta 500 feet in the air with a 
noise like artillery fire* The fume at the fountains had greatly in¬ 
creased in volume, and smelled strongly of sulfur dioxide* 

An epoch of frequent small lava flows which broke laterally from 
the cones probably commenced on May 2* Two such small flows of 
pahoehoe had already occurred, one on each side of the cone chain, 
previous to the afternoon of May 2. Both spilled over low places in 
the cone rim, and flowed only 100 feet or so beyond the foot of the 
cone* The one on the south side was probably erupted early on May 
2, for it still showed many glowing apertures on the afternoon of that 
day. In the early morning of May 4, E, G* Wingate saw the southern 
wall of the western cone partly collapse, liberating a short flow of 
viscous, slow-moving pahoehoe. At about 8:45 p. m* of the same 
day F* B. Herman witnessed the break-down of part of the cone, 
which liberated very hot fluid flows that carried away a small sec¬ 
tion of the cone wall* These lava streams broke out on both sides of 
the cone chain. That on the northern side soon rejoined the main 


* Carson t personal commntileatlon. 

* Wentwortli, C. E., nnpubUsbed memorandum, 1935. 
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IftrA riTer, but IbAt on the snuthorn ddc formed a new flow wliidi 
Advanced down the mouatain for a dii^iUnce of about 6 roilea, and 
continued flowinj' uiiLi) May 7.'* The lowering of the lava level in 
the cone woe accompanied by a temporary' increase to about G(X) foot 
in (he height of the fountains, probably owing to the rtmoval of part 
of the damping effect of tlie ponded lava on the gases rising through 
iL This new flow diverted a large volume of lavs from the older 
flow, and was probably largely responsible for the cessation pf move* 
meat at the front of the older flow which occurred on hlay 5 or 

B. H. Finch visited the fountains on May 5 fmd 6, and reported that 
two flows were moving eastwHrd from the cones. Both were pohoehoo 
for over half a mile from the source but changed to aa in less than 
a mile. At 7,000 feet altitude the new lam was in piaccA 40 feet 
thick. 

On the morning of May 7, Paul and Sarah Baldwin, of Hawaii 
National Park, witnei^l the outbreak of two more small flows from 
the western cone, which had beconiu tJie site of the principal fountain 
activity. The first flow broke from the soutli side of the ciuse at 6: SO 
a, m,, and continued for less than half an hour, forming a short 
streHm of aa. At 7 a. m. the second flow eacapefl through a wall of 
the cone an its southwestern side, and formed a short pahoehoe stream 
along the south base of the cone cliaiiu This flow did not escape over 
the edge of the cone, but forced its way through the cone wall, bi»- 
pcaring first as a slightly glowing bulge which slowly distended and 
developed into a stream of pahoehoe. 'i1i.ese rej^ited short outflows 
heaped up a Email lava dome about the edges of the cinder and spatter 
cone, burying the basa of t he cone to a depth of 30 feet. 

I^eclininff pAdOd.-—^Tbe cones were again visited by the writer on 
May 9. Activity had greatly decreased, and was restricted to two 
small fountains. The ejaciad lava was a deeper red than during 
the previous visit, indicating a decrease in temi^ei'ature. Tlie larger 
fountain occupied the western vent of the cone chain, and was 
in explosive activity, throwing lava cluLq 50 to TO feet above (he 
cone, hut with no true jet of liquid lam visible. The smaller foun¬ 
tain occupied the next pit to the east, and wng a true fountain 19 to 
20 feat high, with frequent explosive buists reaching a height of 50 
feet. During the intervals between bursts, a jet of magma could be 
seen curving obliquely upwaiiJ from one side of the pit and Ejdaxhing 
down against (he other side. A lava river 15 feet wide cascaded 
rapidly from this pit and flowed sluggiBlily off (pL 2, fig, 1), at a rate 
of about half a mile an hour, forming a copy crust in whicJi the 
glowing lava beneath could bo seen through (he cracks. The lava 


~ Fln^b, a. n.. pem mttaM, Ntniviul r«rk Serriev. U. H. Drp, IntErlqT, Ub? 23. ]Dt2. 
“ Pld«h, n. H, op. eU. 
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river flowed at the tot> of a loDg embankment 30 feet kigh, enclosed 
between IcTCca built by lU overflow. The liivu repeuUtdly broka 
through the levees and sent short streams down the side of the 
embankment. 

Severn I times fragments of the river bank emmbled away, tumbling 
large blodcH of lava, as much as 10 feet across, into the river. These 
were rolled along, and wrapped up into ball-shaped masses by the 
□loring lava. 

About 200 yards below the vent the lava was mostly aa. The 
walls of the aa channel were 10 bn IQ feet high, and composed of 
hxise blocks of clinker. Between them the aa stream was tnuviiig 
vciy slowly, blocks ocraaLonally tumbling down and revealing the 
glowing, pasty interior. Along the axis of the tm streani flowed a 
river of pahoehoe, and across the jagged top of the aa blocks borne 
on the lava river cctild be seen tnoviug sluwly by. Sum 11 dews of 
pahoehoa occaaionully broke from the lower portions of the aa. In 
one of these, when stirred with a atlch, the molten lava had the 
conaisteticy of very viscous tnffy. 

On the morning of May 10, activity at the fountains was nearly at 
an end. The western vent showed moderate fuming mid weak lava- 
ejection activity, throwing acallerid shreds of led-hot lava 10 to 25 
feet above the rim of the cone. The other fountain aud the lava 
river no longer existed. The channel occupied by the river was 
empty, and about 12 feet deep. In places its walls had collapsed, 
Thecnnefl were still very hot. It was impossiblo to iitand allll on them 
for more than a few itiomenta, and aiirkn thrust into glowing cracks 
were quickly ignited. On the monung of May 11 the cone area was 
completely dead, except for minor amounts of fume. On May Bl, 
small amounts of white fume, probably largely steam, were still rising 
along tha iiasure, 

i:.owsn rotmoK of the lava rrAiw 

Ihe lava river that escaped from the lower end tjf the. cons chain 
flowed seaward, dividing and reuniting like a braided stream, and 
finally being joined by that from the lowi;:r source to form a single 
flow. The earlier lateral outpourings formed broad delds of an 
along the edges of the Sow, but the actively moving central portion 
remained pahoehoe for about 6 miles, finally changing to aa at sn 
altUtide of about 0,500 feet. During the first few daj-a the advance 
of the flow front was rapid. At noon on May 1 it was reiwrted to 
have reached a point 16 miles from the 0,200-foot source, nud only 
!1 miles from the city of Hilo. If the advance continued at the some 
rate, it appeared likely tliat there mlglit result serious damage to the 
Waiahea sectiou of the city and possibly to Hilo harbor. 
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The front of the lava advanced into a region of dense jungle. 
The only trained scientific observer to reach the flow terminus while 
it was still in motion was Lt. P. E* Schulz, formerly assistant at the 
Hawaiian Volcano Observatory, who has kindly supplied the writer 
with an e^^cellent description of the advancing lava. Mr, Schulz 
reached the lava flow on May 1. The jungle was extremely wet and 
swampy, and much rain water was standing or flowing on the surface 
of the ground. The flow was 20 to 25 feet thick, and was typical aa, 
with an exceedingly active front. Trees in the path of the flow were 
rapidly bowled over and burned. Contact of the lava with the water 
and wet vegetation resulted in large volumes of dense smoke and 
violent explosions which made impossible a close approach to the 
flow. 

The explosions were frequent, and caused great bOlowing black 
clouds to rise 500 to 1,000 feet in the air, the color of the cloud chang¬ 
ing after a minute or sq to gray and then to white. Some of the 
explosions were probably caused by rapidly generated steam, but 
others were probably the result of combustion of hydrocarbon gases 
distilled from the inundated vegetation. The smell of marsh gas was 
distinct in the hoUows near the lava. Explosion craters 10 feet or 
so across and a couple of feet deep were observed up to several 
hundred feet beyond the margin of the flow. These contained no new 
lava, nor any evidence of heating or alteration, and must have re¬ 
sulted from the migration of steam or explosive gases through lava 
tubes and other openings in the underlying older lava. 

The lava advanced at a speed estimated as SOO to 500 feet an hour, 
and the flow was also spreading laterally, but at a much slower rate. 
The movement of the edges of the flow could be observed at much 
closer quarters than could that of the flow front. “The lateral ad¬ 
vance was made by yellow-hot lava in small amount which oozed 
from the loose steep wall in a highly fluid condition. It was ap¬ 
parently of such low viscosity solely on the strength of its great heat. 
I was unable to detect any effervescence or other indication of escaping 
gas ♦ ♦ After 2 or 3 seconds the fluid material very abruptly 
lost its high mobility and became friable, forming fragments that 
rolled down the steep, rough flank. During the next 4 or 5 seconds 
* * • the fragments still remained soft enough so as not to make 
any appreciable sound, yet of such a consistency that the descending 
pieces fragmented as they bumped down the slope. Then the frag¬ 
ments cooled and hardened to the point that the characteristic clinking 
sound was made, and at this point the yellow-orange glow was gone, 
the fragments being quite red m eolor with grayed and darkened 
edges ^nd projections.” ^ 


^ Scholl, P. E,, letter of June 11,194Z 
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The ndTtmce of the flow toward Hilo probably stopped on May 5 
or G, as a iiesult of tbs diversion of part of the lava by the new flow 
that started on the ith. The first definite coafirniation of tliia fact 
came nhen H. T. Sleatna and the writer crossed the flow on the 
momm^ of May T, at an altitude of <1,100 feet. AIL niuvemeot hnd 
then ceased, althnugh parts of the flow were still very hot. Red 
glowing lava could Ise scon in many places. Tlie lava woa nearly all 
aa, but. a few sjnall tongues of pnhoehoe were observed. Accretiunary 
lava balls, formed by the rolling up of viscous lava about some 
solidified center, were abundant.** Soma had diametera of iia much 
as feet. One secondary fumarole was ubnErved, consisting of a 
hot glowing urea liberating a small amount of sulfurous fume, and 
encrusted with a thin dcj>osit of sulfur. This secondary fumarolo 
was tiH^ted at the edge of one of the dead aa rivera, at the foot of 
the levee, and the edges of tlie lava rivers were generally found to be 
the hottest areas. Organic gases such as methane or ammoniai re¬ 
sulting from the partial volaLilization of vegetation ovorflowed by 
the lava, were not observed, but were probably present at least in 
small amounts during earlier abigee. 

The flnal termination of the lava is at an altitude of approximately 
2,760 feet, about 10 milHs from the center of Hilo. The total length 
of the flow below the principal latcKil vent at 9,200 feet altitude ta 
approxiiuately 16 miles, 


aOMOlMQ OF THE LAVA 

On May 1, there apeared to be imminent danger that the lovn flow 
might succi'fisively cut the 01 aa flume whicli supplies water to the 
town of Mountain View, block tlie road around the island, aud de¬ 
stroy part of the city of Hilo and tlm TVaiakea plantation. Con¬ 
sequently, the United States Army decided to try to divert the flow 
by aerial bombing. It was proposed to break down the leveea and 
allow the lava river to escape laterally, thus reducing or pTiminaring 
the supply of lava to the main front of the flow. R. H. Finch made 
a reconuBissnuce flight and selected the most favorable sites for 
bombing, but hefore the hombem could reach the area, it was covered 
by clouds. TliBnefone, the bombs were dropped highpr up the flow 
at less favorable localities. 

Altogether, about 16 demolition bombs were dropped, some weigh¬ 
ing 800 and others 600 pounds; Most struck directly on the targcL 
Some bombs were dropped on the lower source, but wiUiout oppre- 
ciable effect. The others were dropped at a place where tlie open 
lava river swung against the outside of a long loop in its course, 

“Tlire» hmn hwt bgmlKa a bat tbn sAiq^ [g tuppnfaiitii. TfiMr 

firltLn !■ tAl At Mil Uke tbftt Of tro« toIcuIc 
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and where the leyee was unusually narrow. The levee was broken, 
and a small lava stream escaped to one side of the main flow, but the 
topographic depression that had guided the original flow also guided 
the new branch. It flowed parallel to the main river for a short 
distance, and then rejoined it. 

Although the bombing had no effect in stopping the flow, it did 
demonstrate that under favorable circumstances it might, by breaking 
down the levees, be possible to create new branches of a flow and 
thus retard the advance of the main front. Total diversion of the 
flow would, however, depend on a combination of favorable circum¬ 
stances, including a lava river flowing in a channel higher than the 
surrounding territory, narrow levees that could be broken down by 
bombing, and topography that would direct the new flow away from 
the old one rather than back into it. The necessity for further 
bombing was removed by the stagnation of the principal flow a few 
days later. 

There appear to be three manners in which bombing may cause 
the formation of new branch flows, and thus lessen or terminate the 
advance of the previous lava front. One of these involves the break¬ 
ing down of a narrow levee along an open lava river, as was done 
in the 1&42 eruption. Another and similar method is the breaking 
down of part of the cone wall, allowing lava to escape laterally and 
form a new flow, as it did naturally during the 1942 eruption, on 
May 4. The third method involves the breaking in of the roof of 
a lava tube through which the lava river is flowing. This may, if the 
roof of the tube is thick enough, block the tube with solid fragments, 
or it may cause local congealment of the lava, perhaps partly or en¬ 
tirely through violent stirring by the explosions resulting in local 
change of the flowing lava from pahoehoe to aa. The local congeal¬ 
ment may plug the tube, resulting in the development of a new lava 
river. This appears to have happened as a result of the bombing of 
the 1935 lava flow, but was not to be expected in the 194S eruption, 
where the lava river was open, not enclosed in a tube. 

It appears to the writer very doubtful if bombing would ever cause 
the termination of an eruption. Its value probably lies only in the 
possibility of delaying the advance of the main flow front, by causing 
the formation of new lateral flows, or with very favorable topography 
by deflecting the flow into new channels. 

CONCLUSIONS 

The 1942 eruption of Mauna Loa opened, like most others, with 
activity in and near the summit caldera. The principal activity, a 

^ Jasgar, T* Tbe Tolcaiio Letter, No. 431, 1033, and No. 465, Julr-September 

1839. 
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flfljik eruption on Um northeaBt rift, began 9 days later. The flank 
eruption may be arbitrarily divided mto three phasea, which are 
characterietic of most flank eniptiana of Mauna Loa, They may be 
summarized as follows: 

L A period of a few hours during which very hot fluid lava is 
squirted from a narrow fissure^ forming a nearly contInuoUB wall of 
lava jets tliousands of feet in length. Lava eitrusion forms extonsLva 
thin flows. Low ramparts of agglutinate are buHt by spatter along 
tliQ but no large comes arc formed^ 

2. Bcstriction of the lava loimtainB to a relatively short medial 
portion of the fissure, and the building of cinder and spatter cones. 
One or more major flows i^ua cantinuoualy from the conea, and numer- 
ijiis minor flows may oocur^ 

Deoline of the fountains, with cooling of the liquid lava in the 
vent, and decrease in the amount of liberated gas. T[ie flow of lava 
may dio out with the fountaima, or may continue for weeks or oven 
montlis after the cessation of fountain activity. 



Snuthionian RfporL 1W3. — MEic<lanil<l 


Plate 1 



1. LAVA FOUNTAINS AT 9.200 FEET ALTITUDE, SEEN FROM 
THE Southwest, May 2, 1942. 

Tht! fountains aT« shout 30(1 fevt high. In the foreground new pshoehoe lavs has overflowoil olikr as. 


r 9 . . . 



2. Central Lava FouNTAtN or the active cone Chain. May 3. 1942. 

The large lava shred Is about KXl feel above the rim of the eone. The llghlH^^lored ejecds are ascending 
and the darker, cooler ejecta are falling hack. 


Rnmrit. i4l5.-Mic.Wil 


Pl-ATt 2 



1. UAvA HIVFI^ 15 FEET Wme. I55LPIIM<3 NEAR EAST EHQ CkF 
CONE CHAIN ON MAY 1942 . 

Thn- lal-rkitl thi» InTf^ilbil v'ffb ^|ll| hol NWfflih frt lOi^pil h^nEhttr. 



2 . Lay* FuUNTArNS AND FL0W£ AT 5.200 FeST ALTITuOe 
Seen From the North^ mat 5 , 1 ^ 42 , 

Thi- flinr |r liir hin-Bfmjnii iwll nf ihf (^Uil Ipfrriiiliiwft nf th( wn* OH Maj 1 ArH.I 
by A]bn l mictilnill Im Srmv NtwuHttUrfu. Jiu-. 


NEW METALS AND NEW METHODS ^ 


By C. H. Desch, F. B. S. 


There has been an enonnous increase in the production of the most 
important metals, the output doubling itself in quite a short period: 
13 years for copper, 17 for pig iron, 18 for tin, and so on. Along with 
this quantitative growth, the development of modem industry has 
brought with it remarkable qualitative changes, elements which until 
lately were curiosities of the laboratory rising into industrial impor¬ 
tance. Al uminum , which 75 years ago had only been obtained in quanti¬ 
ties of a few pounds, had a w'orld production at the beginning of the 
War approaclring a million tons, while its later development on both 
sides of the Atlantic has been on a very large scale. Aluminum is not 
one of the rare metals; it is, in fact, the most abundant of all metals 
in the earth’s crust, but at present bauxite, a rich mineral of very local 
distribution, is alone used for its extraction. But elements of rare 
occurrence, such as tungsten, molybdenum, and vanadium, now occupy, 
in consequence of the ever-increasing demands of the engineering in¬ 
dustries for materials of higher strength or other special properties, 
a key position out of all proportion to their abundance. This is largely 
due to the discovery that the properties of a metal may be profoundly 
altered by very small additions of another element, metal or nonmetal. 
Pure iron is even softer than copper, but less than 1 percent of carbon 
converts it into steel which may be made so hard as to scratch glass. 
This fact had been discovered empirically many centuries ago, but now 
that the process is better understood there are many other instances 
of the same kind. Copper can be made hard enough to serve as springs 
and even as nonsparldng mining tools by adding 2.5 percent of beryl¬ 
lium, while the soft metal lead may be strengthened, so as to offer a 
greater resistance to frost when used for water pipes, by alloying with 
so little as 0.05 percent of tellurium. 

These and similar observations have led to important developments 
in metallurgy depending on the use of comparatively rare metals which 
are mostly found only in local concentrations in various parts of the 
earth. In a statistical table, the production of some of the minerals 

t PatKr read at the Conference on MlneraJ Reaoorcee and the Atlantic Charter arranged 
bj the Dirts ton for the Social nnd International Relations of Science of the British Aasocla- 
tiaii on Julf 25. Reprinted bj pertnlsslon from Nature, toL 150f No, 3806, October 10, 1042. 
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from wliicli thoso raro clcmonts ars obtainad may not s€sm improssivc^ 
but the access to them may be an important factor in the capacity of a 
country to produce machinery and other constructions into which 
metals enter. 

The usefulness of the less common metals is, of course, not confined to 
small additions. The possible combinations of metals with one an¬ 
other are virtually infinite, and in spite of the vast amount of research 
and practical experience in this field, there must be many valuable 
combinations as yet undiscovered. The first recognition, partly acci¬ 
dental, that steel could be made to resist corrosion by incorporating 
14 percent or so of chromium, led to the development of the important 
cl^ of stainless steels, while the new magnet steels, containing alu¬ 
minum and nickel, and in their later forms also cobalt and copper, 
have brought about a revolution in the construction of electrical instru- 
mente and loudspeakers, the very high magnetic concentration which is 
possible with them enabling very small permanent magnets to be used. 
For other purposes, such as the clutches used for holding work in mill- 
mg and finding machines, they replace electromagnets. With these 
steels it is possible to realize the image of Mahomet’s coffin—heavy 
bars floating in the air in oonsecjuence of their strong magnetid 
repulsion. 

A few of the rare metals find applications depending on their own 
peculmr properties. Thus tungsten, with its very high melting point 
of 3650° C., has superseded all other materials for the filaments of 
electric lamps. The invention of the fountain pen called for an ex- 
cwdingly hard and incorrodible substance for the tips of the gold 
nibs, and this was found in a native alloy of osmium and iridium. 
Tantalum has proved specially suitable for the spinnerets used in mak¬ 
ing artificial silk, rhodium and indium for depositing in thin layers 
on other metals for protection against corrosion, and so on. The non- 
metal selenium is used in photoelectric cells. Further uses of this kind 
will present themselves as the properties of the less common elements 
are studied more completely. 

The lugh melting point of some of the metals has led to research in 
two main directions. On one hand, it has been necessary to devise 
means of making metals compact and strong without melting them • 
and on the other, to develop new materials and new techniques for op¬ 
erations at temperatures higher than those in ordinary metallurgical 
furnaces. Tungsten cannot be melted in a container of any known 
refractory material. The powder obtained by reducing its oxide is 
therefore packed into the form of bars under pressure and heated elec¬ 
trically until the particles cohere, and is then hammered in a special 
way until its strength is sufficient to allow of its being forged or drawn 
into wire. The same process has been applied to other metals, and a 
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lir&nch of teclinDlofii'j known as powder metaUurgyjhas f^ovni up. 
Xot o^ily tho motala of high rndting point, buL also copper, broazo. 
and svfin the low-meUing alloys of tin, are prepared in the form of 
mall pcurticlos and made to cohere by heat aud pre^iira. 

Tlie mel.hEMj Ims several advantages. Small objects may be produced 
of accurate sbapc^ requiring no machining, by pFcssing in dies, while 
the musa may Ijc made completely solid or ^ven any required degree 
of porodty. Such porous mosses are particularly useful for bearing 
metals, the a|Hingy metal holdiug the lubricant better thau by any ar¬ 
rangement of grooves. The method of consolidating a powder is also 
used in ihe making of carbide tools. Certain very hard compounds, 
especially the cor bides of tungsten and titanium^ which for many pur- 
po)^ can replace diamonds, are brittle in the ma®! but if crushed and 
mbeed with a metallic powder, mainly cc^balt, and tlien hf^ated until 
per fact anion with the binding material is brought about, yield a com- 
posito mass which is excellent for taoh aticl di«». 

The chief obstacle to chemical operations at very high temperatures, 
1000"^ C. or above, iiea in the diOiculty of Ihiding materials for fuinace 
fiiiistruction and for containing ves^ls wliich are both istrong and 
resistant to chcnncal attack at suidi teniptiratures. The oiditiary dire 
clayis ln?i:onie soft and are attacked by slags. A few oiEides, especially 
alumina, magnesia, thoria, and beryllia, meet severe i^uireuienm in 
this fikjld, but their refractory qualities are lessened by quite small 
proportions of impurity, and their preparation calk for special leeh- 
nique, which has been developed as a result of long research in the 
laboratory, but haa as yet been little applied uii a Large Hcale^ When 
aucli materials l>ecome available in quentity“jond there is no difficulty 
in principle, although tlie prucedui^fi may Ije C{}»lly — we ^hall i^e ini- 
purtaut developments in chemistry and metallurgy at high tempera¬ 
tures. It is interesting to nolo that it is the oxides of some of the ram 
elements—thorium, beryllium, and xireouimn—which have the highest 
softening points ajnong the refractory materials, so that their impor¬ 
tance will grow with the extension of hJgh-temperature processes. 

li] tlie heating of metale or other conductors, it is not necesssary 
that the heat should pa£S4 through the w alls of tlia cuntaining vessel, 
os it does when a metal is melted in a orueibJo fumacCp Modem 
heating by mduce<l currents of high frequency nllowa tiie lieat to be 
generated where it ia required, that is, within the mass to be heated. 
This involves a less severe tax on the refractory mat«rinlS| and also 
makes it possible to encln$e the charge in on outer clo^d v&i^I which 
remains cold, so that the operation can be carried out in a high 
vacuum or in an atme^phere of some inert gae^ Tliis is not merely 
a laboratory device, hut h used on a large scale in a number of manu¬ 
facturing operations^ which will become more numerous in the future. 
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Mdling in a VEu^uutn, nut of contact 'with furnace gases, gi^es a means 
of preparing many substances in a state of grtst purity and oound- 
ness, urioblniriublo in otiier ways, and is already applied to certain 
alloys in amounts of soTeral tons at a time. 

Afnny cbomicnl reactions are made possible or tire accelerated by 
high piisisiurea. The autoclave has long been a familiar piece of 
clicmicol plant, but some of tbs prcs'csSes for the production of om- 
iitonio. from the air or for the hydrogenation of coal to form oils 
and petrol called for higher presBiires tJian of tlie usual auto- 
cluvs, and tccont work, especially in the United States, has shown 
the lemiirkablB results which may be obtained under pressures of 
many thouaonda of atmospheres. To construct rcssels to be oper¬ 
ated at such presauree, sismnLiiues combined with high temperatures, 
naturally involTCs entirely new engineering methods. TliiO materials 
used are mainly steels, allhough hard carbides may have to be used 
fur certain parts; but for the highest pressuies counterbalancing 
stresses have to be applied by shrinking one cylinder over onotJier or 
in VMrinus way^ producing an internal stress opposite to that which 
will arise in operation. Here is another new branch of engineering 
of great scieJiLldc interest, extending the range of usefulness of known 
materials^ 

Tlie stdisliLuLton of on« motal for another far parttcular ptirt^oaes 
is not always due to inherent advantages, but is often a consequence 
of a policy of self-sufRciency adopted b 3 ’’ an industrial country. This 
motive has been very prominent in recent years. It is natural that 
Germany, producing much aluminum but very little copper, should 
adopt tile lighter metal for overhead electric power cables, but a 
similar replacement in the windings of motors and dynamos was 
purely due to conditions of blockade and could not tm defended on 
other grounds. Di^ring the period of armament and of hostilities 
such Hubstjtutions have been very numerous, but the subject is too 
big to be entered on here. A few instances of substitution under 
normal conditions may be mentioned. The saving of weight by ueing 
light alloys of aluminum or magnesium in place of steel has mainly 
lieen utilized in aircraft and rolling-stock construction, but it has 
ocoosionally been applied in ordinary structural work, A bridge in 
Pittsburgh, having been condemned os insufficiently strong for the 
increased traffic, was lightened by replacing the wrought-iron road 
girders ami floor by aluminum alloy. The main girders were still in 
good condition, and the lightening of the dead load gave the bridge 
a new lease of life. 

Tho substitution of one material for auntlier is not, as a rule, a 
simple matter. Metals dilfer not only in strength but also in elastic 
properties, and this difference has to be allowed for. The new Quebec 
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Bridge was designed to take advantage of the high tensile strength 
of nickel steel, the designers considering that the Forth Bridge, a very 
stable structure, was unnecessarily heavy* The disaster of 1907, when 
the unfinished bridge collapsed, was due to the crumpling of the lower 
members, although calculation had shown that the direct load-carry¬ 
ing capacity was ample. It has been proposed to use alloys of 
aluminum on a large scale in shipbuilding, their use in small vessels 
having proved successful, while the particular alloys used—those with 
magnesium—are highly resistant to corrosion by sea water. In chang¬ 
ing from steel to light alloy, however, it would not be enough to 
calculate the dimensions of each member to give a strength equal to 
that in a steel ship. The hull would float too high in the water, and 
problems of stiffness would arise from the very different elastic prop¬ 
erties; to build a socce^ful vessel the design would have to be new 
from the beginning. 

So, when the hard carbide steels were introduced to take the place 
of tool steels for very heavy work or large output, allowing cuts to be 
made on a lathe at much higher speeds than before, advantage of the 
improved properties could not be taken until the machines themselves 
had been completely redesigned to allow of such high speeds without 
undue vibration; and in fact the introduction of carbide tools has 
meant a revolution in the machine-tool industry, much plant intended 
for large outputs being rendered obsolete. 

Three examples may be given of the substitution of an entirely new 
material for one of which the supplies have been found to be in¬ 
adequate or too costly. Platinum, a metal of very local occurrence, 
has been largely replaced for chemical purposes, fused silica taking 
its place in the concentration of sulfuric acid, and iron oxide in various 
catalytic processes. On^a larger scale, Chile nitrate, a product formed 
under quite exceptional climatic conditions and almost unique, is no 
longer indispensable as a fertilizer, the nitrogen compounds required 
for agriculture and explosives being obtained synthetically from the 
air. The third example is the introduction of plastics, resmLke sub¬ 
stances which may be given the most varied properties. For many 
purposes they replace metals, and when reinforced by textile material 
or paper have a strength comparable with that of a metal. Trans¬ 
parent varieties replace glass and are far less brittle; other types take 
the place of porcelain and earthenware. The manufacture of plastics 
is one of the rapidly growing industries, and the uses of these new 
materials are continually being multiplied. 

It must be realized that even such substitutions as these do not 
necessarily lessen our dependence on mineral resources, although the 
relative importance of different deposits may be altered. Nitrogen 
compounds are obtained by the use of electric power, which in some 
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couneries ifi dmTcd from wotcr, but in some of the most highly in¬ 
dustrialized cDuntrieH hits to come from the combustion of cool. Many 
of the plastics nre olso dcriTod from coal or petroleum^ but being 
organic compoutids, there is always the possibility ot producmg them 
from vegetablo motter, as for examp 1 b through the production of 
alcohol by fermentation and its conversion into more complex com¬ 
pounds. Such a procedure would be in line with the policy of depend¬ 
ing on current revenuCj derived from plants, rather than drawing un¬ 
necessarily on mineral capital, which, once exhausted, is not replaced. 

Much might be said of means of ecoimmlzlng metale; the use of 
structures built up by welding, In place of heavy castings; the eom- 
bimitinn of concrete with steel in building^ and bridges; the Eaving of 
valuable metals by employing them as thin coatings on mild steel in 
cbomiral plant, and so on; but space does not permit. As new ma¬ 
terials come into use and new techniques are developed, while at the 
same time the known reserves of some fndispenEable metoJs ore being 
depicted, it becomes clear that the efficient use of the worhra mineral 
resources demands systematic planning. First of all, ft far more 
thorough world survey is needed, gathering togetliBr the information 
collected by prospectors in tlie interest of large industrial corpora¬ 
tions H3 well BB by the various national survoyit. Such a survey would 
be the essential basis of any ayaiem of international control of mineral 
resources, 






OCEANOGRAPHY^ 


By HiiNfiT C, Stetson 

Museum of Comparative Zoology^ Earvur^d University 


INTRODUCTION 

Oceanography is a young science and in the modern meaning of the 
term includes not only the study of the physics and chemistry of the 
sea water itself but the animals and plants that live in itj the sediments 
that have settled out of it, together with conditions governing their 
transportation and deposition, and the topography and geologic struc¬ 
tures of the various basins that contain it. Inclusiveness, however, is 
not solely the result of youth, for by its very nature the different 
branches will always be closely interwoven. For instance, the problems 
of the chemist also concern the biologist studying the ecology of ani¬ 
mals in the sea, and they will also be of importance to the geologist if 
an adequate attack is ever to be started on the diagenesis of sediments. 
The forces governing the different types of currents are of interest to 
physicist and geologist alike, and it has recently been demonstrated 
that some of the principles of oceanic circulation are equally applicable 
to the atmosphere. 

The different divisions are further tied together by the purely prac¬ 
tical necessities which the study of the ocean imposes. A seagoing 
vessel is expensive to acquire and to mantain, and in addition there is 
the cost of the special equipment which a research ship must have. An 
investigator whose field work is carried out by such costly and time- 
consuming methods has little clioice but to work in conjunction with 
others whose data likewise must be gathered by the same means. 

Surveying, sounding, and charting have always played a part in 
oceanographic expeditions, but, until recently, geological work has 
been secondary. Small bottom samples were taken in the course of 
routine sounding, and a generalized knowledge of the areal distribu¬ 
tion of the oceanic sediments was early acquired, but here the matter 
rested. However, before tracing the growth and development of the 
geological branches of this science, it is necessary to review the begin¬ 
nings of the subject as a whole* 

lEeprinted by p«rmls8ioii from FlftletH Annlverfiary Volume. G«oloiical Society of 
America. June 1041. 
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BiSTOniCTAL BACKCROUKD 

Buarrn of the sciOfcE 

On Dmmbcr 21, IS72, H, M. S* sailed from Portsmouth, 

Sn^land, on wliat proT^ to bn ons of the memuruble voyages of his¬ 
tory. It lasted years, circumnavigated the globe, and investiga¬ 
tions were carried on in every ocean except tlie Arctic, It was the first 
combined assault on the ocean witJi nil the techniques which were then 
ataiJable. Nothing approaching tliis undertaking in detail and com¬ 
pleteness had been attempted hanetofoie or even contemplated. At 
each station the folio wing observations were made insofar as pi-Hcti- 
CHhle: The depth was detennined and a bottom sample taken; serial 
samples of water were obtained from the surface to the bottom for 
chemical and physical examination; serial temperatures were token 
from the surface to the bottom; a fair sample of the bottom fauna was 
dredged, aiuJ Himples from intermediate depths and from the surface 
were taken in townets; atmospheric and meteorological conditions 
were noted; and the direction and rate of the surface currents weru 
observed, and at some aUlions attempts were made to ascertain the 
movement of the water at various depths, 

The initiative for tiiis undertaking was furnished by the interest and 
enihuHiBsm of two British natiireUsts, Dr. W. li. Carpenter and Prof. 
C. WyrillB Thomson, A few years before^ through the influcnca of 
the Royal Society, the Admiralty was persuaded to fit out an old gun¬ 
boat, die for a dredging and sounding trip in the vicinity 

of the Faroe Is]anda. Biological dredging was carried out in a little 
more than 600 fathoms, which was a record for that time. This voyage 
proved so succeaaful, in spite of bad weather, limited equipment, and 
a pmirly found siiip, tiiat In 1869 the Admiralty was again i»rsu8dcd 
t^ougli the channels to fit out another ship for Hunilar purposen. 

1 he Porcttpini^ wns a better vessel, utid more extended cruiBcs were 
taken around the British lalea, into the Bay of Bisca}', and tho Afedi- 
terraiiean. Successful dredging was corned on to over 2,400 fathoms, 
and it WHS all done with liomp rope. Oo iheee cruises tempemtureH 
wore taken ai various deptlis on the dredging stations. Having demon¬ 
strated the feasibility and tho Eicientifio importance of tliis type of 
restearch at a time when attempts to lay tranifneennia telegraph cables 
were drawing attention to the ocean barins because of the need for 
nuire accurate knowledge of their topography, the moment was oppor¬ 
tune for projecting a major expedition. 

Wyvillo Tiiomaon, who was knighled for bis leadership of the 
expedition, died a few years after its return, and the task of preparing 
the rejMrte fell to John Murray. The 50 quarto voiumeg, with many 
specialists contributing, are evidence of the huge quantity of data 







OCEAN OGBAPHT—STETSON 


221 


collected. Although the publications in biology bulk by far the largest, 
nevertheless considerable geological information was also obtained. 
The depths and main contours of the ocean basins were determined 
for the first time, and the general distribution of the bottom deposits 
was mapped. Many out-of-the-way corners of the world were charted, 
and something was added to our knowledge of ocean currents both 
on the surface and at various depths. Pioneer work was also accom¬ 
plished m the field of hydrography and on the chemistry of the ocean. 
Today it is, of course, easy to pick the flaws. Methods in every field 
have become more precise; improved gear has been developed as well 
as more exact procedure. Nevertheless, theirs was the pioneer attempt, 
and with that voyage the broad framework of the science as a whole 
was laid down to remam scarcely altered until modern times. Others 
have profited by their experiences and improved on their results, but, 
taken by itself, no other subsequent expedition has left so deep an 
impress. 

Interest was so stimulated in other countries that a succession of 
deep-water expeditions to various parts of the world followed. By 
1900 the United States had sent out Blake^ Albatross^ and Tuscarora; 
the French, Travcdlleur and Taluman^ the Germans, Valdwia and 
GauB8 * the Italians, Vettor Pwani^ the Danes, Ingolf; and the Dutch, 
Siboga^ and this by no means completes the list. None of these cruises 
was so extended as that of the ChaUeng 0 r^ and although the gear was 
constantly being improved the work was laid out along essentially the 
same lines. Although the expedition sailed more than 50 years ago, 
the voyage marks the birth of oceanography as a science. Conse¬ 
quently some description of the vessel and her gear is pertinent as a 
background against which to view modern developments. 

earlt equipment antd methods 

Selected by the British Admiralty for this voyage, the Chtdlenger 
was a corvette of some 2,000 tons with auxiliary steam. The guns 
were removed, and she was refitted in various other ways for her new 
purpose. She still remained a navy vessel, however, and Capt, George 
S. Nares, an officer of much experience in surveying, was given 
command. Prof. C. Wyville Thomson was in charge of the civilian 
scientists, and the work of the naval and civilian staffs was kept 
separate. Thomson (1877, p. 11) writes of the voyage; 

the chart room • ♦ • is a commodious compartment m the starboard side, 
with ranges of shelves stocked with charts and hydrographic, magnetic, and 
meteorological instruments. AU work In these departments, as welt as the 
whole of the practical operations lo dredging, sounding, and taking bottom and 
serial temperatures, Is conducted by the naval officera 
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The natural-history workroom corresponded with this on the port 
side, and a chemical laboratoiy was also fitted up. These were both 
in charge of the civilians. 

All soundings were taken with a specially made hemp line wound 
on reels. The sounding instrument was a tube around which de¬ 
tachable weights were fitted. On striking the bottom the weights 
were released, and the tube was hauled to the surface with its plug 
of sediment or perhaps a short core. The line was marked off every 
25 fathoms, and, in deep water, contact with the bottom was ascer¬ 
tained by the dackening in the rate at which the line ran out. 
All hydrographic work—that is, the taking of temperatures and 
water samples—was done with this same line. Hemp rope 2, 2%, 
and 3 inches in circumference, and spliced in 3,000-4,000 fathom 
lengths, was used for trawling and dredging. Steam winches were 
used for hoisting; but, even so, the labor of handling and coiling the 
miles of rope required for the deep tows must have been very great. 
However, as warships always carry proportionately larger crews than 
other vessels, plenty of manpower was available. It is interesting 
to note that with present-day equipment exactly the same work can 
be, and is, done by three men in a watch. 

In 1872 Sir WUliam Thomson, later Lord Kelvin, seeking an im¬ 
provement in the laborious and not too accurate method of sounding 
with rope, developed a machine for using piano wire. The great 
disadvantage of rope for sounding is the frictional resistance it 
presents to water. Not only does it take longer to run out than does 
wire, but the currents encountered often throw it into large bights, 
making the sounding inaccurate. Kelvin’s method with various 
modifications gradually came into general use and, up to the in¬ 
vention of echo-sounding wire, was used in bU surveying. At the 
start, however, difficulties were encountered in securing wire of suf¬ 
ficient tensile strength and in making strong splices, and although 
the Challenger had one of these machines on board, it was never 
used. It is interesting to note, however, that only 2 years later 
Lieutenant Commanders Howell and Sigsbee (1880), of the United 
States Navy, adopted wire and used it successfully on the United 
States Coast and Geodetic Survey steamer Bldke^ which they suc¬ 
cessively commanded. Sigsbee modified Kelvin’s machine and in¬ 
vented another which bears his name, but the principle remained 
the same. 

IXIUIS AND AUlXANDHE AGASSIZ^ MONACOj AND NANSEN 

Four individuals deserve special mention in this historical review for 
their unique accomplishments: Louis and Alexander Agassiz, who were 
responsible for the inception and growth of oceanography in the 
United States, the Prince of Monaco, and Fridtjof Nansen. 
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Louis Agassis’ mtercsts in the field ef natural history were exceed¬ 
ingly cathoiicj and oceiiiiogrnph^^ w'iiK hut one of the many mattera 
which cama in for a share of his attention. Throughout his lifetime 
his relntions with A* D- Bache and Benjamin Piert*^ Lh« ffuperini«!nii- 
ents of the United States Coast Survey, were most cordial, and bis 
suggestions for proj^rta wliich could be carried out fTOTn Guv^mnifent 
vessels^ in addition to their regular surveying duties, were always wel¬ 
come. Tiic man who was responsible for the actual dredging was 
Pourtalds, one of Agassiz^ associates who had followed him from 
SwntKerland to America in 1848 and who 2 years later becamo an assist¬ 
ant on tho Survey. Today he is comparatively obscure, although he 
was the pioneer of deep-water dredging in thia country and antedated 
tho first English cruises. In 136fl he piiblu^hed a ^ort uceount of the 
Bediments of our ea^t coast continental shelf, which is believed to be 
the first paper cm modern mariiu^ sediments to appear in this country 
(U* S. Coast and Geodetic Survey^ 1869, appendix 11, pp. 220-225)* 
AJthough AgasMiz was primarily a zoologisti his interest in geological 
matters was always kcim, and in a report to Piorcc on the work of the 
Bibb in the Gul f Stream and off Florida and Cuba aplHtar the following 
observations pp. 368-^TO), which arc of mtarest conddering 

the date: 

Froni wlin^ I have seim uf tUc deep bc* bcfUcoti. 1 am ali^^adj led \v Infer ttiat 
otaong the rocka ftiniilDs lac IntUE o£ tbe sUitlia^d ermt af oar floba, from Uic 
to tbc yoango^L formation, thiTu are probably none wlddi have b«ea formed 
la very it^ep watersL If this be- m, Flmll bs^ve to admit that the areue now 
renpecUvely oomplecl hy our ocintineanii aa clrouinm;rLb#d by the 2fN>fAtbom curte 
or thor^boat, anii the ocMina at greater 6^th, have from the bc^nalug retoktccJ 
ihctr rfdative dutUne and poeitlon; • • • Moreover, tho posltloa of the 

erocaceoiis and tertiary formatkoaa along the low ifroimd coat of the Alk'i^baay 
range la another Indlcatlao o£ tho pcmiaaimire of the ocean trough, aa the margin 
of which these mate repeat beds have baea formed. • GealnfEats^ and 

especially those of the Khao] of Lyallf hJiTa ajEalu and n^ala ananmed the al-riw 
riskag of axteaBlre tracts of land frnni beneath the water and taken all aorta 
of looaa materbilfl • • * aa avldenee of its former snhpjemlait Bat since 
the dredge has been applied to exploratloa of the decfir and i great variety o£ 
anliBBlat In a profaslon livnliug that of (^oal waterp have beaa hroagbt ap. 
* * * no observer Is JuatlCod la conalderlcLg ertEnatva deposlta of tooaa 

tnatorlola oa marine lu which no trace of martao organic remaLna ore found. 

Ho made his last cruise in the Coast Survey steamer Hasshr around 
the Horn from Boston to San Francisco in 1873 shortly before hia 
death. 

Oceanography Is auch an extensivo field of research that few individ* 
uals liave been able to finance their own invoiBtigatioris^ Alexander 
Agassiz was one outstanding example; the Prince of Monaco was an- 
otJier* Agassiz^ early cruises were made from 1877 to 1880 in the 
United States Coast Survey uteamer It was on the first of these, 
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only 1 year after the return of the Challenger^ that Agassiz, with his 
background of practical mining experience, first introduced wire rope 
for dredging. The tremendous advantages over hemp rope—greater 
tensile strength for a given diameter, ease of handling, and ease of 
storage—are, of course, obvious, and its value for use at sea was 
quickly demonstrated. Nevertheless, considerable time elapsed before 
it was generally adopted in Europe. To Lieutenant Commander 
Sigsbee (1880), the man who first successfully proved the entire prac¬ 
ticability of sounding with piano wire by a modification of Lord Kel¬ 
vin’s machine, should go the credit for the proper installation of the 
winches and all the details for the practical handling of the dredging 
wire aboard the Blake. Sigsbee, it will be remembered, later was in 
command of the U. S. S. M<dne when she blew up in Havana Harbor. 

The Blake worked off the cast coast of the United States, in the 
Golf of Mexico, and in the Caribbean, in shallow water and deep, 
and these cruises marked the most serious attempt in the United 
States, up to that time, to solve oceanographic problems. They were 
but the forerunners of Agassiz’ many expeditions, as he remained 
active up to the time of his death in 1910. He chartered many ves¬ 
sels privately, and even when using the belonging to the 

United States Bureau of Fisheries, he bore a large part of the ex¬ 
pense of operation. His voyages took him into the Pacific and 
Indian Oceans as well as into the Atlantic and throughout the West 
Indies. Although biology was his chosen field, he took a lively 
interest in the coral-reef problem and probably investigated more 
reefs than has any geologist. He added hundreds of deep-water 
soundings to the charts, and in certain parts of the Pacific they 
remain to this day the only ones that have been taken. It does not 
often happen that a single individual is able to further the develop¬ 
ment of his particular field to such an extent or to exert so much 
influence on it. 

The Prince of Monaco became interested in oceanography as early 
as 1885 and used his own private fortune to finance his researches. 
He successively equipped several yachts for this type of work, fre¬ 
quently commanding them himself, and built a laboratory and mu¬ 
seum at Monaco where the results of his investigations could be 
worked up and published. A long series of important reports and 
monographs have come from his institution, and oceanography has 
been greatly advanced by the efforts of this one man, particularly in 
the field of biology. 

Nansen began his career as an oceanographer by planning and 
successfully carrying out one of the most remarkable voyages that 
has ever been undertaken. His idea was to freeze a vessel in the 
ice and drift across the Polar Sea, possibly reaching the Pole itself. 
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He was confident from the slight evidence available about the cur¬ 
rents that this could be accomplished, although many predicted that 
he would never return* Fram was a heavily constructed, wooden 
vessel and of such design that when squeezed in the ice she would 
tend to lift and not have to take the full crushing force of the shifting 
floes, which no ship has ever been able to withstand* She was frozen 
in off the New Siberian Islands in 1893 and emerged from the ice 3 
years later off Spitzbergen* The Pole was missed by less than 5°, but 
many valuable hydrographic data were obtained through holes cut 
in the ice during the drift across the then unknown Arctic Basin, 
and the first bottom samples were secured, Fram^ after several sub¬ 
sequent trips, is now preserved as a national monument at Oslo, like 
Nelson’s flagship Victory at Portsmouth, England, and the OonstUti- 
tion in the United States, an honor which but few of the vessels 
that have made histoiy have attained* 

PROGRESS IN SUBMARINE GEOIX)GY UP TO 1900 
GENEBAL STATEMENT 

The turn of the century roughly divides the older from the modem 
phases of the science as a whole; consequently it is pertinent to give 
a brief summary of progress up to this point, before the advent of 
various new techniques which have put submarine geology on a par 
with the other subdivisions of oceanography, 

Murray’s ciassipication op sediments 

Up to this time most geologists had taken little interest in ocean¬ 
ography. They accepted Murray’s broad and rather inclusive classi¬ 
fication (Challenger Expedition, 1891) of marine sediments without 
critical comment, as though sediments in the sea and sedimentary 
rocks on land were unrelated phenomena. The interest of the ocean¬ 
ographers, where sediments were concerned, largely centered in the 
oozes of the deep sea; and though plenty of shallow-water samples 
had been collected, nobody paid much attention to them* Murray’s 
classification became standard the world over, and for that reason it 
will be restated here. 

He lumped all marine sediments in two main categories—^terrigenous 
and pelagic* The former group includes all sediments consisting of 
waste, derived from the land. Once outside the zone of littoral and 
shallow-water deposits, %vhich are supposed to cease at 100 fathoms, 
the terrigenous sediments covering the continental slopes and parts 
of the ocean basins nearest the land are pigeon-holed in five divisions. 
Blue mud is characteristically found in the neighborhood of conti¬ 
nental land masses. Green mud is a variety containing glauconite 
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and, acc»rd)iijr to Murray’s dfscription (ISIS, p. 162) j usually <W' 
curs big]) and bold coasts where currents from diferent sources 
atisrnii.U'! wlih the seiisoUf «b off file Cape of Good Hope, off the cast 
coast of Australia, off Japan, and off the Atlantic cuasia of the 
United States.” Tt may grade into ^ensands. Red mud is still 
another variety '^ound in tlie Yellow and oil the coast, of Brazil, 
where the great rivers bring down a large amount of ochreous tnat^ 
ter” * * * p. 162). Volcanic mud and coral mud are 

Eelf-eiplanntory. 

Pelagic deposits begin io nnike tlieir appearance in the occon basins 
proper, at Buflicient distances from the continental margins to prevent 
their being masked by detritus from the laji<]. Of the^^ 
isato is the most widely distributed. Diatom ooze is characteristic uf 
the colder waters, particularly tlie great circiunpolar seas of the 
Southern Hemisphere; pteropoff ooze is found in the warm waters 
of the Tropics; and radiolarian ooze occurs in the deeper ports of the 
Pacific and Indian Oceans. The last and most interesting of the 
dee])-se& oozes Is red clay, wlilch floors vast areas of the Pacific far 
from the continents. It is supposed, according to Murray, to be a 
hydrated fdlicate of alumina derived from the disintcrgiation of 
pumice and volcanic ash. Ita rate of deprjsltion is cxlremely slow, 
and ronsequenily it is found only in the more remote parts of the 
ocean where the deposition of other debris and planktonic material 
is practically zero. 

Such, in general, u the hnrlzontal distribution of the various tyiais 
of marine sediments as determined from the CAanenffer't data. Sub- 
sequent expeditions merely defined the areas more exactly. It was 
worked out, tn a sense, merely as a bypnidud; of sounding. The 
samples, as kb have !«Kn, consisted of small plugs of rnud brought up 
sticking in the end of the sounding and they were so sliort ihat 
to all intents and purpows they were surface sample!;. During this 
period no one seems to have made any serious attempt to secure cores, 

lUPStK RMRNTB IM BOUNDINO TECHNlgUE 

The gear for deep-water sounding had lieen greatly improved as 
time went on, and with this development in technique came a cor¬ 
responding iticreiise in our knowledge of the true configu ration of the 
ocean basins. When deep gnumlings were first undertaken, an at¬ 
tempt was made to haul up the whola sounding lead. Consequently 
a heavy line was necessary and, when any considerable length was out, 
its weight bore so close a ratio to that of the sinker that in deep water 
it was impos^ble to tell when bottom had been reached. Further¬ 
more, the Tine kept running out endlessly of Its own momentum oven 
after the sinker had touched. On the early charts, for instance, some 
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fantaatiq figiimi appear for mid-Atlantic SQnndingH which can be at- 
tributed tcn this cause. 

The first attempts thia can claim even approximKte accuracy at 
ikpllia esceeding 1,000-1,WO fathoms wore mMle in Lbe United States 
Ifavy by using a light line and a heavy weights It iras eas}' Ui tell 
Avhfsii bottom had been reached by the sharp chtsc h in the rate at Vfhich 
the line ran out. The line w;ie i.hcn cutj and no attempt was made to 
rcLrieva it or tilt ainkcr. The depth was asoerrained by the simple 
method of measui’ing the remainder. The next important advance, 
made bv a TnidshipTnan named Brooke, eliminated the obvious i!raw- 
backs of the former method. Siiil using a light line, the weight—^ h. 
caniEOij ball with a hole through it—was released whm it landed on 
bottom^ and the sounding tube—a mcLal cylinder which pa^ed 
through the ball—siloiie wiui hauled to the surface^ Simple as this 
seems from the vantage point of today, this scheme of detaching the 
weight made the difference between accurate and inaccurate sound¬ 
ings in deep water. Piano wire soon replaced hemp, again with an 
increase in the accuracy of the riwults and a great reduction in the 
timn mpiireil for sounding, as the frictional effect of the water on 
rope was thereby eliminatjed+ Tlie iiLachines for handling the wire 
Imve been greuLly improved since Sir William TliouiHun^s first at^ 
tempt, ^ that it became possible to take ti sounding in a small fmo- 
tion of the lim& formerly required. This method remained in gen¬ 
eral use until the perfection of echo sounding witiiin the last decade. 
Tn the literature perhape l-fHi much stres has been laid on the sound¬ 
ings made by various oceanographic expeditions. An eiiornioim 
amount has been done in deep water by government vessels, and, of 
■roilroe, ell nrsir-Hlipre and kImlI low-water surveying is a government 
undertaking. Nor should the cable ships be forgotten. They, Hkc- 
wiee* have played an important part hi charting the oceans-^ fact 
lint generally appreciated^^—for it was the need for a better knowledge 
of the ocean bottoms in connection with laying cables lhat fii-st stimu¬ 
lated Byetematic deep-water eon tiding. 

RTaR OF MODERN TRENDS 

By l&OO the broad configuration of the ocean basins had been mapped 
and all the major lUwps hail been discovered and charteiL Thia, plus 
a very general knowledge of the distribution of the sediments, particu¬ 
larly tlifi jwhigic oozes, comiiriecd tlie chief contributions to geology 
bofoi'O the advent of what we shall call the modem period. The other 
EciemreSjeKpecially biology, had advanced much farther in the aame in¬ 
terval. This lag is largely due to the fact that few geologists paid any 
attention to the eea, except around its margina. They seemed to regard 
oceHTiography as lying outside the boundaries of their particular do- 





228 


ANNUAL RUFOirr SMITESSOKIAN INSTITUTIOK, i04 3 


main and having littlo to offer. Men whose chief interest lay along 
other lines were mainly responsible for what geological information 
there was. 

Up to this point the study of oceanography had proceeded more or 
less along the same lines which the Challenger expedition had laid 
down. The same geneml problems were attacked in the same general 
way and from the same point of view. The biological sciences^ pa rticu- 
larly ^^tematic zoology, bad long been tho mainspring which moti¬ 
vated oceanography as a whole, but even lierediminiahing retnmH were 
baginning to be felt toward the end of tlic century, as each subsequent 
expedition merely added data which Uuid^d to ronfirm what was al* 
ready known. “And^^ as Dr, H. B. Bigelow (1031, pp. g-D) says - 

a perfiTit t?f pineral woanngnLphlp srainatlon might tbeo hove Ejuueeeded to tbs: 

petik oC acUvUy (iliii tn tuetj hanpea La AmerKeal, hotl Lhere poE 
□ rLflva Dew schooTR, oenterSog tbelr attoatjan on the hblostc econonir af Ehn in- 
iMlliltnnifl of the ocean ae reliitp^ to tMf ph^^lcol-chemlcal euvIruDioentp ou 
mathematical ami^yjiki of the InterDal djuamleR of the eca water^ and on the 
xeclo^Ir bearLaji: of flubirulrlnc topo^^L'Jipliy and aeillmenLaUDni mther than dd 
ureal surveys uf ooe or Another feat tire of the 

Tit is codbcEhus oJieratLvn of vlewpolat^ from the desorlpitYe to the unaljtlc. 
Is one of rwo ^htef that glvoa to oceuaouxaphj its present tddc i me olhee 

tlJB growth, of an ecoaomio demand thnt DC€aao:$mpbr Afford tiraetiral ae- 
aIaiadcc lo me sea daherle^ 

In Europe the Conseil Triternational pour l^iiploraf ion de la Mer 
woa formed as a cooperative effort to liandlft this latter problem of such 
vital importaiiCfl to the jiatioDs engaged in the North Sea and neighbor¬ 
ing fisheries! and attention was perforce directed to tho H^lmlloivet 
watoTH. Iiitereat. in Uie rnathcmodcal studj of the dynanucs of tho cir- 
culation of the sea centered in die Scandinavian countricii. This school 
devebpetl rapidly, until today perhaps more attention is focused on 
ph3rsica] and dynamical ocHioogniphy than on any other single sub- 
divieion of the science. 

Lest it be tliouglit that too much space has been devoted up to this 
point to nongcological matters, it is once again pointed out that ocenn- 
ograpliy is, of necefsily, a cooperative affair, and not to consider the 
development of the sclcnee as a whfde is to lose perstM>cLiTe, Interest 
and impetiJH generatetl in nneficldmay be ue«d to advantage in another. 
Indccdt if this were not the caHe^sulimarinc geology in iia present state 
w'ould not eaist. Although the recent advances in surveying methods, 
in tho application of geology techniques, and in sedimentation and 
stratigraphy have been marked, and in some cases spet-tacular, tho 
genlngiat must remember that the main emphasia in oceanographic 
research is still on physics and tha internal dynamics of aea water a n d 
on biology*. 
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HEraiNT ADVANCES IN SCBftlAniKE GEOLOGY 
iKTicQiincnolfi 

The student of subrnsritie geology, except in the field of sedimento- 
tion, trie* to Attain the same objectives that are pursued ashore. 
TIim difficulties arise in adapt in.g the various land techniijiiea to 
marine condUiona, and in handling the neceesary gear on shipboard. 
Whatever the objective, it is subject to the limitations that a ship 
imposes, and I he first thing which an oceanographer must realize, no 
matter what his field of endeavor, is that it is impckssiUe to work 
with the same precisiim Llmt is attainable ashore, Thia is a iierfeclly 
valid objection, but, if it were heeded, no oceanogr&phio work of any 
kind would ever be undertaken, 

UOllXBN MAdlNU SDSmiNO 

The prime requisite for most geological undertakings is a good 
map; therefore, let us first take up modem developments in chart¬ 
ing the ocean bottom. As we have seen, until comparatively re¬ 
cently deep-water soundings were taken with emu 11-diameter wire 
and a sinker, and, although the machine for handling the wire had 
Ijeen improved to a point where the operation was vnatly Ic^ timo- 
oonsuming than during the early period wheit hemp was used, uever- 
theleea, accurate soundings could be obtained only during good 
weather, and in any event the ship had to be stopped. Modem echo 
soumUng has come into general use only since World 'War I. 
Althougli prior to this date attempts had lieen made to locate ice¬ 
bergs by this method, its value in the detection of submarines le^l 
to more intensive experiments. The term “echo sounding” ia practi¬ 
cally self-explanatory. The recording ifislrument measures the travel 
time of the sound wave through the water from the ship to the 
bottom and back again, translated into terms of iliatanoe. As the 
velocity of sound through water varies somewhat with the denaity, 
it is necessary to make temperature and salinity observations in the 
different water masses for accurate souiuliiiga. Many types of in¬ 
struments have been developed, and it is not necessary to g» into the 
details of their construction here. With the earlier models it was 
neoefaary to read off each individual sounding, but recently they 
have been made self-recording. The tremendous advajitages of this 
miichiiie are that the surveying vessel can sound continuously while 
steaniing at full speed, accuridely, ntid in comparative indepimdenco 
of the weather. To quote Capt. G. T. Rude (Geophyaical Explora¬ 
tion of the Ocean Bottom, 1837, pp. 10-11): 

• • • in 15 worklnf rtmya lo the Dionth of July IPSTp the party on the CosbI 
and Geodetic Surrey Ship Lifdonia ffcorfled of the coadncutal 

G&atea—14-id 
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slg[K a&d colored Au ArMi of 1T04 iNlttare Riatatfl miles i‘xteiiillD|r mon; tbaa 100 
iiiUi» aSUiare. all vt whlclt was preds^lr coDtmlIttd hy radio acoibUc mu{;ltig 
and (aul w](« iravirrjira tied Id to rh^ «bor« trlxnjnilHtlnn n«t on Ifortli Amerlcsn 
IfKlT-dntimL 

An n ruiitrnid, >m citcH thfr 501 decp'SCA sounding made by tba 
CJtaUenger and the then remarkable nimilier of £},1D5 muda betWeea 
1874 and 1870 by thti Rlake. ,8tmilar work h constantly being carried 
out on the Pacific coast and in the Gulf of Mexico as well ns on the 
Allaiiiic. 

Almost as important as the derclopn>cnt of the fathometer is the 
new method of determining pfiKiiiunsi accuratidy at long distances 
from shore (Geophysical Exploration of the Ocean Bottom, 1837, 
pp. 8-25). Formerly only the iriBliorc waters within sight, of the 
triangulotion stations were accurately surreyed. Once out of sight 
of these fixed marks the position of the surveying ship becomes more 
and more doubtful as she proceeds ofisliore, until at some distance 
from land the positions of incUvidua 1 soundings on the older charts 
ere not mucli more accurate l.hoji an ordinary sextant fix> As an 
illustration, on oil charts prior to 1938 the steep, outer part of the 
Hudson (Jorge makes a prtinounced S-curve. The recent surreys have 
shown that this S-curre is fictitious, and that ihe head of the Hudson 
Gorge had been connected with the mouth of & smaller neighbor, 
and its own mouth had been tnixsiid entirely. When vessels were 
slow a very generaluied representation of Lliw ci>nLitn>iiin1 shelf and 
slope was considered siiJticienL for all practical navigational purposes; 
but now, when many liners have cruising spoeiis of over iM) and even 
30 knots and all are etpiippeid with coho-sounding apparatus, tbo 
Survey decided that more accurate del,ail of the ofshorc lantoms 
would ha of considerable assistance to shipping. In thick weather a 
topographic profile could be conHlmcted by taking continnous sound- 
inga and ibti ship hxiated by eomparison with the topography on tho 
chart. This decision or the port of the Survey was more far-reaching 
than was at firat Tenlized, for in carrying out this work the true 
configurations of the now famous submariiiB canyons were revealed 
for the first time, far greater ntimliers of them were discovered 
than bad hitherto b«m dreamed of, and a major geological disciiHtion 
was precipitated which is still far from settled. 

To solve Ibis difRculty of accurate powitiona offshore, tho United 
States Coast and Geodetic Survey developed n method which they 
coll rndio-acoiiBtic ranging ((Jeophyaical Exploration of the Ocean 
Bottom, 1837, pp, &-£5). Briefly, the aystem is this: Two or niore 
radio stadons are equipped with hydrophones, ami their positions 
ore determined with reference to the tri&ngulation on ahore. Ttia 
Burveying vessel, out of aight of land, stoams along her course, 
sounding continuously with her faltiometeT. Wtien a position is 
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neeiisaarv, u miali bomb loaded with TNT is dropped overboard^ and 
the tiroB of thp e:cpl(i&iion ia rBeordtd on a tape. Tlie sound waves, 
Lmveling through the water, are picked up by the shore stations and 
radioed back to the ship, and the lime of recetilion is recorded on 
the name tape. The travel times ol the sound waves, after the nee- 
essary corret'tions have been aj^pUed, "Iv^ the diHUmi-e of tbo ship 
from each hydrophone. As. the surveying vessel works farther and 
farther offshore, it ei^eniuHlly becomes necessary to move the hydro¬ 
phones farther seaward as welL Origmally they wore operated from 
anchored veseTs, but recently buoyHj equipped with radio apparatus, 
have taken their place. Bath, of course, are tied in with the shore 
trianguiation stations- 

One more device is used in offshore surveying—the taut-wire op- 
parntu 5 which was originally developed by the British It consiate 
of a large drum of line wire which uml Os a steel tape in lengths 
of over MO miles. One end is anchored to the bottom, and, as the 
ship proceeds on her coursei the wire is paid out ovitr a sheave v^hich 
reg^ers Ute distance run. When a large area is surveyed, this 
method is used to measure the diatances liel.weeii anchnn^d buoys 
over the shoreward portions of the regions to be eov^red, as it can 
be employed eniccP5i(?fully only m relatively eliallriw water. Ah the 
work progresses offshore it is replaced by radio-acoustic ranging. 

All the rnaritime nationg liave charted their own cuasiai watery 
and various naval vessels have done valuable work in the deeper ocean 
basins^ The recently published bathvTnetrk charts of the Bant In¬ 
dian seas from soundliigB taken by the Sfutllliis c^epedition ore out¬ 
standing examples (1834^ 1836). Not only do they dearly depict the 
morphol ogy of I ho lia^iiiH, fort? d«eps, and fault HC4irps, but the to¬ 
pography is sufficiently detailed to serve as the basis for general 
geological discussion by Dr^ Ph* H* Kuenen of such fundament at 
problems as the fheorjcs concerning the sLmcLure and origin of island 
arcs and fore deeps, so well exemplified in this interesting region. 

Hurveyirig on ilh ipquallj large sratn liaa lieen currkd out in tho 
South Atlantic by the Meteor* As a result, Stock and Wust have 
been able to dniw a greatly improved bathymetric charL of that 
ceeati Expedition, 'file true configuration of the 

southern extension of the mid-Atlantic ridge has been depicted for tlw 
first time, as well as the longitudinal ha^iriK on either side of it which 
are separated from each other by snmller transverse ridges. 

'rim United States Coast and Geodetic Survey desarveH great credit 
and the gratitude of geologists everywhere for tho mtroduction of 
precise methods into offshore surveying. The production of topo¬ 
graphic maps such as the series for the Atlantic continental shelf and 
slopes, drawn from their soundings by A. C. Veatch and P. A. Srnltli 
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(1939), under a grant from the Penrose Bequest of the Geological 
Society of America, the detailed work in some of the California sub¬ 
marine canyons both by the Survey and by the Scripps Institution, and 
the chart of the submarine contours around Bogoslof Island (Smith, 
1937) are but forerunners of a type of work which we may expect 
in the future to become univereaL 


TE BBFSTRTAT. UAQNEIISM 


Magnetic surveys at sea, according to Dr. J. A. Fleming (Vaughan 
et al., 1937, pp. 50-56), were first attempted over 200 years ago on 
Halley’s expedition. From that time until the construction in 1908 
of a nonmagnetic ship by the Department of Terrestrial Magnetism 
of the Carnegie Institution of Washington, other surveys of varying 
accuracy were made, depending on the instruments used and the 
amount of magnetic disturbance set up by the hulls of the different 
vessels. The commissioning of the CaT^gie, however, marks the 
awakening of a full appreciation of the value of magnetic measure¬ 
ments at sea and a concerted effort to make them as accurate as possible 
by the optimum equipment and by long cruises devoted exclusively to 
this aim. Seven cruises totaling nearly 300,000 miles were made 
before this ship was destroyed by fire in 1929. 

Any investigation that holds the possibility of making more com¬ 
plete our knowledge of the earth’s structure is worth pursuing for 
its own sake; furthermore, data accumulated in this field can also 
be used to advantage in other branches of geophysics, particularly 
gravimetric studies. This being the case, the need for additional 
observations at sea are self-eyident, considering the large portion of 
the earth’s crust that is covered with water, and entirely aside from 
the practical values of these studies as an aid to navigation at sea 
and in the air. 

Fleming (Vaughan et al, 1937, p. 53) lists a few theoretical investi¬ 
gations which should be continued in the further survey of the oceans: 

DetermloatloD of secular-variation of prognressive changes of the Earth’s mag¬ 
netic field Involving particularly their accelerations • • The study of 
regions of local disturbance and particularly of those Indicated • • • over 
"deep-sea" areas • • •. The determination of additional distribution-data 
in a few large areas not already covered. 


Simultaneously with these investigations work should be continued 
in the field of terrestrial electricity along the following lines; 


Additional determinations to establish changes in the values of the atmos¬ 
pheric-electric elemenu with geographic position. * • • More and widely 
distributed determinations of the diurnal variations In atmospheric elefr 
trlcity • * •. Determinations and Investigations in the field of earth-cur¬ 
rents—a field not yet touched at sea. 


Although Carnegie Institution did not build another ship, the 
British Admiralty, in view of the importance of these investigations, 
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decided to contintis them und ordered the construction of aootlicr 
nonmognetio tesscI, the Re^etavK^ to b« pi need in rointnla^Dn with 
equipmetiL similar to that formerly used on the Camt^le, 

GDAVIHETTHEC MEAST7BEUE>iTa 

Attempts to measure gravity at sea by static methods have never 
proTied particularly accurate, although many different iaetnimeTita of 
this type have been devised. Ilie pendutum has always been the 
standai^ instrument on land; but, b«auso the difficulties of using it 
on board surface sliips seemed insurmountable, it was disregarded by 
the earlier workers. In 11)23 the Gravity Survey of Hnllaud began to 
consider Die puf«ibiIiLu>s of using a ffubinarlne for this work, and, after 
preliminary tests, the first really accurate measurements were made, on 
board a veswl of this type, by Dr. F. A, Veniiig Meinesz, on a cruise 
to the Dutch East Indies. Two pendulums were employed instead of 
one to eliminate the effects of horizontal acceleration. Bo successful 
waa this cruise Uiat, following the lead of the Dutch, similar errpedi' 
tions were sent out by other countries. Since 11613 the United States 
Navy on three sepamte occosiona, in coopcitition with Princeton Uni' 
versity, has dispatched a submarine for surveys in the West Indies, 
and llie Fi ench, Italiana, fiussions, and Japanese one or more each to 
the Mediterrannan, Black Sea, and the Far East, The KetherlandB, 
iit tlie meantime, has completed seven additional surreys and is about 
to send out an eighth. The original apparatus has, of course, been 
c-nnsidEmhly mndifieil and refined since the first tnoElel was cnnstructi^, 
but the Meincsz method has been followed in all this work. 

As in the cose of temeatrial magnetism, not only is it desirable to 
extend tiie measurement of gravity to the oceans so that the areal sur¬ 
vey of the earth may be os eitensivo as possible, but in this particular 
case fundamental data can he galliered at sea that cannot be obiained 
on land. The discovery of the large negative anomalies in the vicinity 
of island arcs and fore deeps has greatly inSuenced our ideas on the 
processes involved in mountain building and gives another clue as to 
what may have happened in depth during deformation. Solving the 
problem of measuring gravity at sea may be ranked ns one of the major 
contributions of geophysics to geology in recent years (Vening 
Meineez, 1030; 1034). 

BEiawio TEcnNTatnc 

The importAUce of seiemic technique as an aid to structural geology 
has long been recognized, but the practical difficulties which stood in 
the way of the adaptation of this woll-known procedure to marine 
conditions long delayed its use at sea. It is the most recent of the three 
geophysical methods to bo applied to ocean.ic problems. Tlie first 
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Hx^wriments wetb carried out in the shallow wiiter of our cost co n ^ t 
continootal shelf by Dr. Maurice JEwjng (lt?3T) 5 years ago. Tlie tech- 
nir[iie for shallow watot can be regarded as nearly perfected, while 
that for deep water is still in the experimental atuge. A new develop^ 
ment in the technique for deep-water work is the use of Hoata filled 
with an oil of low density for bringing the itistniments to the surface, 
thereby dispensing with a long wire rope which has many disadvan¬ 
tages. The Erst plans, as described by Kwing (iSas), havo since been 
greatly modified, though die principle remains the same. 


A profile (^insisting of four sea stations has been tun from Cape 
Henry, Va., across the shelf to the continental margin, and while, of 
cours!, one profile is far fnim Iwing a complete picture, it has 
demonstrated that die method is a usable one and that a new trad 
has bMH awpiiretl. A thickiies^ of the order of 12,000 feet of un- 
ronsolidatcd nml seiniconsolidatcd sedimtuits is found at dm conti- 
iieutal margin over rocks which registered mucli higher velocides. 
This preautnahly represents the thieheiied seaward exteiL^iou of the 
Coa.stai Plane monoclirm lying above the relatively fiat basement 
cornptex, which itself has a seaward dip. Tho same relationships 
which have been observed in the aubacrial portion of the Coastal 
Plain are apparently continued iH-ncath the sea. 'Ilm east coast shelf, 
with its relatively simple structure and the presence of numerous 
deep arte^ma wells dose to the shore ]inej is a particuJarlv favo^ablc^ 
place for the development of this new technique. 

Sccendy Div, B. C, Bullard and T. F. Gaakell have used the same 
method in the approaclies to tho English Channel out to a point 175 
miles west-southwest of the Lizard. At the Htation nearest shore it 
ia thouglit that an extension of the Triassic is picked up. Fartlipr 
out unconsolidated sodimeiita were encountered over an igneous 
basement, but they are relatively thin in comparison with the same 
type of deposit found off the east coast of the United States 

It is at present impossible to predict how far offshore the work 
can b© carried and still retain its significance from a structure] point 
of view, because with increasing distance from the known strati- 
graphic column, wliicli must be constantly used as a check, the losiilte 
are more uncertein. This will to even more of a limiting factor in 
regions whore the stnicturo is complicated. Deep water enormously 
incra^ the difficulties. This of touts© is true of any operation 
carn^ out on shipboard. However, oven though it will never be 
po^ible to work at sea with the aam© prociaion that can be attained 
ashore, or to mate as close a network of stations, or get In as many 
shot i»int5,^s ^Quld be no detorrent to future activity in this partic¬ 
ular field, for the same criticism can be leveled at nny kind of 
oceanographic endeavor. 
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liOTTDM 

III the b^^ginnmg, &5 we haw scent sampling merely an adjunct 
of sounding# A j^aiuple %yns taken merely Lo inform the navigator^ 
by notationa placed on the printed chart, o?er what general type of 
bottom he wiis sailing. For tbie purptise a htjuiII bit of sediment 
plugged in the sounding tube or a smear stuck to the grease on th& 
end of the lead was sufficient. Later, scraper dredger were de¬ 
veloped by the biologists, and various kinds of scoops and bucket 
dreilges, capable of taking measured portions of the botLniji, were 
designed for ecological studies. However^ tbe^ men were mainly 
interested in obtaining sample for the animals which they containfsl, 
and tlifl sediuicDt itself was broadly classified as sand or mud and 
usually discarded. 

The coring tube can be considered as a sampler primanly for 
geological purposes. Until the invention of the Piggot gun, thoae 
used ill anything but the Kliallowest water were merely weighted 
tubes, which penetrated the bottom by their own kinctie energy. 
They attaiuail Varying degreas of succe:^ depimditig on their weight 
and the speed at which they could be dropped. Some had a thin, 
iiLuer tube of glan^ or metal w hich could be slipped out^ thus giving 
the core a permanent container* The length of such cores rarely 
exceeded S or 4 feet, though recently Dr. F. P. Shepard reported takmg 
one of 11 feet# 

Coring has played a prominent part in the work of two recent 
axpHlitions^ Uie Meteor m her traveiwt? iirncisK the South Allantic has 
taken numerous cores with a ziiodiJicd Ekman type of sampler^ and 
nn important series of papers on the sediments and their faunas by 
Pratje, Correns, and G. and W. Schott lias resulted {Mcli&r Exjiedi- 
tionj 1^35-^&), Besides showing the areal distribution of the differ¬ 
ent types of malerlaJ, the tube jH^uulmted thieper layers lu which evj* 
denee of climatic changes arc recorded. The Snelliui, in the Dutch 
East Indies, also took many cores, particnlRrly in nnd arenmd iha 
deeps and on the slopca of submarine volcanoes. These have been 
discuj^d by Kuenen {Sndli^n^ Expedition^ 1935) in connection with 
the question of the sliding of sediment down the sidt^ of the deeps as 
a process wMch might tend eventually to fill up these down warps, 
and also with regard to the structures which submarine landslides 
might be expected to produce* 

The Piggot gun has been fully described by its inventor {Piggot, 
1936), and the detnil^ of its construction neeil not he diitauK^d hiire. 
Slip port for the original design and ex|>erimentation was fumiabed by 
a grant from the Penrose Bequest of the Geological Society of *\mer- 
ica. The driving fnri."e for the tuhe^ or hit* is proiluced by a powder 
charge, contained in a waU-rtight cartridge, which is detonated when 
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the instrument hits the bottom. More uniform performance has been 
secured with this coring tube in deep water than with any other yet 
devised, and cores up to 10 feet in length are frequently taken, al¬ 
though occasionally greater lengths have been attained by tubes 
which are dropped at high velocity. The extra 6 or 7 feet of core 
obtained by these newer instruments may not seem to be of much 
s ignifi cance as compared to the probable total thickness of the de¬ 
posit, but it must be remembered that the rate of deposition de¬ 
creases as one goes beyond the continental slopes into the ocean basins. 
Accordingly, 10 feet of sediment may represent a considerable inter¬ 
val of time. Indeed, in a series of cores taken by Piggott across the 
Atlantic basin, and worked up by the United States Geological Sur¬ 
vey, four warm and four cold alterations of climate are represented 
(Geophysical Exploration, 1937, Bradley et al., pp, 41-46). 

Using this same instrument, numerous cores have been taken by the 
Atlantis in and around the east coast submarine canyons, along the 
continental slope, and for some distance out into the Atlantic basin. 
In these, one or more climatic cycles are usually found. The pres¬ 
ent-day warm-water fauna from the tops of the cores occurs in a 
green sUt which is being deposited under modem marine conditions. 
The cold-water fauna from the bottom sections is found in a com¬ 
pact, varicolored clay. Such fine-grained, terrigenous material is not 
being deposited on tbe surface of the present-day bottom in this area, 
on the shelf, slope, or even in the westerly part of the Atlantic basin, 
as practically aU river-borne sed im ent is now effectively trapped in 
the bays and estuaries which today border the entire eastern sea¬ 
board. The clay in question evidently dates from the last glacial 
sUge of the Wisconsin when, because of the lowered sea level, the 
rivers were able to cross tbe shelf and dump their loads directly on 
the steep continental slope. 

The possibilities, therefore, of being able to trace the history of 
Pleistocene sedimentation in the Atlantic basin and on the continental 
slope by the continued use of the coring tube are very good. It is 
even possible that from this source some light may be thrown on the 
far from settled problem of the origin of submarine canyons. This 
investigation is already under way at the Woods Hole Oceanographic 
Institution, and similar work is in progress at the Seripps Institution 
of Oceanography at La Jolla. At the latter institution an extensive 
program for submarine geology is being carried out under the direc¬ 
tion of Dr. F. P. Shepard, which is, in part, financed by a grant from 
the Penrose Bequest of the Geological Society of America. 

Cores have one limitation which is only just beginning to be recog¬ 
nized. The deeper the tube penetrates the sediment the greater be¬ 
comes the friction on the inside walls of the tube. Dr. M. Juul 
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IIvorsleT, of thdsIIarTttrd Engineering School, has recentty com¬ 
pleted wtensWe fiBinpliiig esi^rimenta for the Committee on Sam¬ 
pling and Testing, ^erican Society of Ciril Engineers, in Tarved 
claya with difTerent Lyjjes of coring tuljes. He finds (personal 
comiminication)— 

that the lasers In the orin?r pfirtB of the cores are eften sttUeeted Ic an Increase 
tn rtlf^kneffia dtat plastic ot additloonl soil lato the lube by tlie 

lyrwaore iyt the Ccttlo^ Witt Lacn^l^iti^ dsplb df pCiacLrutluUp HUd thereby 

liictiea^lDg frktiojj bemwb thu liample itutl the the i^cerul laaiL un ihe sail 
sv ^rcai U^nL It uow iHfcooies n^uesuid out from under tho uimplor and 
the rhiekncsa of auy layer U thereby reduced. Fiaully, at b ccrtnli] orltlcii] 
depths fntermtl well frlctlcu bewineii sq ^reitl Uutc no more hoI] cad ent^p and 
the eore and tube diiv^cn an u iioltd pno^ puBhlujt & eono of HOiltmant oh^d 
of them. Il'hete ta, therefuroT for ench partXcmlnr typo of sampler, and for eaah 
type of »otl, II maximum li^ni,^ of Rampio that can be ohtntned 1n n fflugle drlTr& 
Wheu Uio soil coaslstB of alte.rnatlnir layeT’o of firm and soft material a further 
complication, originally ohflenred by Pratje, arisen lo that the soft layers moj 
be Hiuoexed out partly or completely while the flriu layers oUll ester the tube 
without osy chanfe Id thickness^ 

This behavior of iJie mater ini introduces a eeriouB factor of error into 
nil attempts to determine rates of sedintcntation from linear incasure- 
ments. 

amiiiOW-WATm gronfrora 

Like orgziriiHnur, eedimentB are the re^Uants of tho long sequence of 
factors to which they have bean axpoaed: current actioD^ wave-gener¬ 
ated and alharw isa, dii^imce from shore and depth of water, the type of 
material supplied and its availiibility^ plua their combined effect in the 
paaL Tliese envlromnantal forces have act®! on the sediments at tlieir 
source, during tliepKriixl of truTiejwrtationi and at their place of depo¬ 
sit inn. Many inference have been dmwn in r^nrd to the cnndltiuna 
of marine deposition from the study of sedimcntaiy rocks, but insofar 
a& priisent^dny marine sediments are crmcern^ vf*ry few observational 
data have been aocunmiated. Of the sediments in the geologic calutnn 
those laid down in the neritic £Ona bulk the largest, but our knowledge 
of them Js aiill very ekmentary. The earlier oceanographers were, as 
we have seen, more interested in the dej^osits of the deep sea* and they 
added but little infonnation concerning those sediments which to the 
geologist arc the most important. Chiefly by iucresaiiig our knowl¬ 
edge of pi«sent-day marine sedimejits and the cnviroiuiicnta under 
which they are being de|H>eited will we be able to reconstruct with jiny 
degree of eartfiinty the conditions which governed the foimation of 
ancient sediments. With tiua purpose in view, detailed regional stud¬ 
ies are now 1 wing carried out off ilie Atlantic und Paciilc l>y the 

Woods Hole anil Scrippa InstituLiojis, based on traverses of closely 
spaced eurfacc samples as wall aa long comi. Tn addition, some ap- 
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i)roach has been made lo an anderstanding of tho fuctore controlling 
the tratifiportntion and depositi<in of sediments by meejis of traps 
placed on the bottom, iilthougb this work is still in its early stages. 

Additional regional studies have been carried out in ih’a Baltic and 
neighboring waters by the Thalossologicul insi itute at Belskiki and by 
the marine laboratory of the Univeraity of Kiel; iliejse studies hoTo 
added much to our knowledge of the conditions of sedimentation found 
in inland aeas. Princeton IJiiivenjity bos spfjtifiorsd ettpeditiona to 
tlia Bahamas for tlie inTPstigotion of aballpw-water, calcareous sedi* 
menta. a relatively unexploml field. It is hoped that data obtain«l 
from studies of tills type, to cite bin a few tiampirs, will help solve 
some of the problems of the stratigrapher mu] lead to a better interpre¬ 
tation and underataiiding of tlis environments which produced tlio 
dilferent sedimentary rocks. 


SUB31.1RIN7 CANTONS AND ROCK mUUlOJNa 

Within the last few years the aubmarine-canyoii problem has pro¬ 
voked M much discussion ihfit the subject Ims become familiar to all 
^dopsts. Although t heir existence iins been known since J. 1>. Dura’s 
day, they had attracted but little attetition until the United States 
CAiaat and Geodetic Survey completed the fitijt surveys of G«)rgi>« 
Bank by raiho*acoiistic ranging. For the first time an adequate picture 
of their true contiguration was available, and Dr. F. P. Shepard {im; 
1»M) WM quick to gnitfp the signifit^nce of the new evidence. As 
more of these gnrges were discovered, and particularlv as the continen¬ 
tal slope Iielwoen the major valleys was shown to l>e d«pl v scoured and 
channeled, geologists realized that they were laced with a prohlem 
worhi-wido m Its scope, for which they had no ready explanation. The 
mul iplieity of the theories that have lierni put forward is an index 
of the general perplexity. Some constder that the eriKsion is due to 
Mream cutting and would alter the relationships of land and sea to a 
hitherto undreamt of extent (V«atch and Smith. 1080); another con¬ 
ceives of a great lowentigof sea level by postulating a vastly thickened 
and ertended Pleistorene icecap (Shcpaid, 1030); aiill othere consider 
that rim erosion took pkco beneath the sea. One livi«thcsis calls 
for turbidity enrrentx made he«^- by their load of mud acquired fr.im 
thfl Continental Shelf by wavo acLion during iUe lowered sea level of 
the Pleist^oe. Th^ currenta nin down the alope and «:oured it as 
they sought the deptlis of the ocean, as well as “triggering off" mu.l 
slid^ ^ the friction of thrir passage {Daly, 1036). iCiatest hv- 
pothesis m the ^ of the east coast of the United States invoke 
artosiaiyprii.^ flowing out from tha Coastal Pkin formations along 
the contincrital elope, possibly at a time w-hen this wedge of ««limen1^ 
had a greater westwonl extent than it has today, and by their long- 
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continued action producing the present topography largely by solution. 
Before introducing his new theory, Johnson (1939) gives an excellent 
account of the whole canyon problem to date.* 

Whatever their origin, these submerged canyons offer the only 
aTailable opportunities for getting at the older formations beneath 
the mantle of Becent veneer, for in places their walls stand as cliffs, 
steeper than the angle of repose of unconsolidated sediment. The 
fossiliferous fragments broken from the outcropping ledges indicate 
that these valleys are comparatively young. Tlds adds to the com¬ 
plexity of the problem, because we cannot retreat into the security 
of the distant past when called upon for an explanation of their 
origin. Heavy iron scraper dredges have been successfully employed, 
in comparatively deep water, both by Woods Hole and Scripps, off 
the east and west coasts, for obtaining samples from these outcrops. 
Where the beds are nearly horizontal it is even possible to work out 
roughly the stratigraphic succession. This serves the double pur¬ 
pose of not only giving some information as to the rocks constituting 
the continental shelves but also of fixing at least the maximum age 
of the canyons. On the east coast the formations are all sedimentary, 
ranging from Upper Cretaceous through the late Plioecne. In texture 
the different beds vary from indurated sandstones to friable green¬ 
sands and compacted silts and clays (Stetson et al., 1936). Cores 
taken from the bottom of the canyons show a clay, with Arctic For- 
aminifera, presumably deposited during the last stage of the Wis¬ 
consin. The time of canyon excavation can thus be bracketed with 
fair exactness, and further work will doubtless narrow this span. 
Mollusks and echinoderms have proved useful in some cases as guide 
fossils, but Foraminifera have been by far the most valuable. Al¬ 
though the shelf is the submerged extension of the Coastal Plain, the 
fauna of the sediments at the continental margin differs from that 
of the emerged portion, and the formations evidently belong to differ¬ 
ent facies. In some cases there is a curious parallelism with the 
warm-water fauna of the Mississippi Embayment. The walls of 
the west coast canyons likewise consist, for the most part, of sedi¬ 
mentary formations, the youngest of which are Pliocene, although in 
the upper part of Monterey Canyon Shepard has reported granite. 
Any theory which is put forward to explain the much-disputed ques¬ 
tion of origin of these.extraordinary topographic features must take 
into account the data which tliis dredging has afforded, namely, their 
age and the type of rock into which they are cut. Similar work in 
the canyons of other continents is much to be desired, in order that 

* Since the manuecript hue been cempleteil yet another theory has been added to the Hat. 
Bucher (1040> considers that the erosive effect of tsunamle apendln? their energy against 
the eontlnental slope may be the most Important single factor In producing: this matareiy 
dissected submarine topography. 
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all poEsllile infnrtiiiitiou may be brought to boar on tMs perplexing 
and still unsolved problem. 

PRESENT STATUB and FUTimE DEVEt-OPMENT f)F 

submarine geoloot 

As a result of a newly awakened interest, stimplntcd by the intro^ 
duction of new teehniqui's, the geolngical branch uf thp fioienca ia, 
at present, in a position to make a rapid advanee. The foreword to 
the reports of the Espedition {1938, p, vii) reflects this 

change of attitude which has token place both here and abroad. 

Wblle 111 Uic Slboffa exiwOltloD gf iDOB, blQlegy ilood lo Itte lereerounU. pbrslcol 
iMwanoAtnobr Clime onJr In i;ecAnd plAf# And woa not incIfldM in Hie 

prugruiD at all; in the SnWIluf expiHlItion tlie lurta were rerersed and mora- 
wer II proiuiuimt place wiie glTeu tu $eolgs7. 

The application of llie gefiphyKJOcil mL>thods has placed within our 
giasp the means of dispelling much of our ignorance concerning the 
suLoceank liiljospliere, a subjin:! of primary importance to our think'- 
ing concerning the structure of the eariJiL The proc^sdure for meas- 
II ring terrestrinl niiignetism and gravity can be regarded os perfected, 
whilo that for securing aeismolagical data is rapidly approaching that 
atiige, 

Tlie recent advances in offshore Burveying methods bavo so far been 
applied only to charting comparatively stiii]]| areas of the ocean floor, 
but ilnisa preliminary rwnilts, if they may bo so called, have been eulH- 
clently startling to unsettle, in many minds, deop*rooted ideas con- 
certiiiig the relalive stability of land and sea, and possibly even the 
permanency of the ocean baains. For others they have stimulated 
thought concerning submarine currenta ami rivers of liquid mud of 
a type which had never fiefore been considered among Lite prooesaea 
of erosion. Tlio ^udy of submarine [iiorphology has tbua taken od a 
new aignificauce. 

In the field of sedimentation the emphnsis is shifting from a purely 
area I study of a region to investigations of the sediments in relation to 
tliG marine environments which have produced them. The fortes 
governing transportation and depoaitioij are all too imporfeetiv known, 
and fi clear understanding of conditions of seditnenlation in the sea 
today will go far toward helping tho stratigrapher in the interpreta¬ 
tion of sfflimentary rnrka on land. Modern methoda of mcdtanical 
analysis, largely developed in oimnec tion witli studies in soil mechanics 
and foundation engineering, and the statistical treatment of data Imvo 
been of great assistance in this work. The ability to take long cores 
is ploying an incrcaBingly important [lart in the study of sodimenbi, 
and it is poFaibk in many instaticcs to penetiaie the mantle of present- 
dny deposition and roach the older formations. It is hoped th at , in 
Ihii way at least Bomething of the Plejotoceno history of the ocean 
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may be uiiraveled. Wlien lung cnin^ have i>f!en obtained from 
tho red clay of the Pacific, wliere the rata of deposition is extremely 

$ilnw, it is expected that valinible data will be obttiin^^l on the mte of 

decoy of radioactive minerals, 'irhich ore eicccdmgly abundant in these 
clays. 

Little enough is known of tho elastie fiediments—black shales, for 
[iistaiice—but evtm is known about the origin of limestone find its 

‘ corollary, dolomite. Chemistry in relation to marine sediments, both 
organic and inorganic, and its connection with the processes of di¬ 
agenesis is a field which has scarcely been scratched. Even the nnm- 
II poAilion nf ilia water contained in the bottom sediments and the part 
ii it plays is an unknown quantity. Along tln^ liiie» tJie ptjsalbiliOes 
for f 11 Lu re development are practically ii mitlcss. 

' No longer does oceanography have to de|iend on the outfittiTig of 
special expeditions for its continued advancement. As a science it has 
become firmly establiklied, and the study of the ssea in all its phases is 
now carried out both here and abroad. Not only aie numerous labora¬ 
tories devoted excluHiVfily to (.his purpose, but many government de- 
parLments have also made it an integral part of their progi anis. Using 
II this country as an illustration, tlia Coast and Geodetic Survey haa 
’ engiiged in charting operations which have proved particularly signifi¬ 
cant in tho field of submarine morphology. The Navy* has furnished 
submarines on several occasions for the measurement of gravity at 
sea, and tlio Hydrographic Office ia eon^^^antly Bccumuiating and pub* 
lishing deep-sea soundings. The Coast Guard has Sneorpomted the 

( study of the internal dyhamics of sea water as part of its work on the 
ice patrol off the G rand Banks of Newfoun dtand. The 1? ii reau o f Fkh- 
^ eriefl investigates for the most part ecologic problems wliich concern 
1 the Various inhabitantfi of the ocean but has also taken much hydro- 
graphie data. Similar work is being carried out by the govormnenta 
j| of aiZ the important maritime nations. 

1 If the greater part of the initiative and impetua for the development 
1 of the biological and physical oceanography has been furnished by 
\ European countries, America may lay claim to this role in the field 
of submarine geology. The support which has been, and continues to 
‘ be, furnished by inatitutiQiiSt learned societies, and gnvenunent 
agenries in this country in the form of nionty, sliips, and equipment 
is a measure nf the importance of the problems and of the success which 
has been achieved. However, after the original impetus baa bean 
given, international cooperation is essential if the study is to reach its 
fuUest development. There is every indication that such will continue. 

To attenipt a list of instimtioua and bureaua engaged in oceano¬ 
graphic work OP to make a complete catalog of present activity in 
mbmarine geology ia not tho purpcise of this ciuipter. Tlie atudent 
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d^iring ffticb information kIioijIc] |.um to a recent |>iib1icalioji of thfi 
National Academy of Sciences edited by Dr, T. Wayland Vau^&u 
( 1987) wIiKre Lhiwp. dpitii have been fuUy eompiledf and which oJso 
give a bibliogrtiphy of the trials which aie pubJhJied by the various 
inatitutiona. The biblio^pTiphy appended here is only intended to give 
a person unacquainted with the subject a workhig kiHJwlodge of the 
UteratiJi:^ and to provide a starting point. The purpose of ii short 
sketch of this sort la to trace the ritje and development of present-day 
trends and lines of endenvor in submarine geology and to present a 
summary of progit^j as seen agaLimt the harJcgroiind of ciCcaTtograpby 
as a whole, so tliafc the general perspective does not become distorted. 
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THE OCEAN CURRENT CALLED “THE CHILD’’ 


By Eauor G. Hears 
Stanford UniversHy^ CaUfomia 


£with 2 plates] 

Every year about Christmas tiine, a hot current swings inshore 
along southern Ecuador and northern Peru. Because this is the 
season of the Christ Child, the devout inhabitants of the region have 
named it “The Child” (El Nino), Its location, and that of the 
great Humboldt (Peru) Current, are shown on the accompanying 
maps. 

Ordinarily the coasts of southern Ecuador, Peru, and northern Chile 
are dry; they even lack sufficient quantities of drinking water. This 
aridity is due to the usual dominance the year round of the cool 
Humboldt Current, The Humboldt is cool because of the almost 
continuous upwelling near shore. The California Current is cool 
for the same reason in summer, the season when California is also 
dry. Except when a warm stream or wedge invades or pushes its 
waters away from the shore, the area affected by the Humboldt Cur¬ 
rent is arid throughout the year. 

To inhabitants of both land and sea, the unforeseen intrusion of hot 
sea water is a phenomenon with extremely disastrous consequences, 
for people and property located on this section of Pacific South 
America are habitually protected from dry but not from wet weather. 
Their houses are built largely of adobe bricks made from native day 
and grasses. Their water supply comes chiefly from the melting 
snows in the high Andes, or from the fog and mists of the coast 
ranges. Their farms are situated in the river valleys and on the 
sides of slopes laid out in numerous terraces. Their railroads are 
placed along or across these elevations- In short, here is a desert 
economy in a region of pronounced land relief. 

So long as the northward-flowing Humboldt Current with its up- 
welling remains continuous and strong, kept so by south and south¬ 
east winds, and while the equatorial low-pressure area keeps its ac¬ 
customed place along the Equator, difficult weather problems in 
Peru and northern Chile do not exist. There are no storms. lu- 
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deed, more than a century ago the storm*free character of the r^on so 
impressed Alexander von Humboldt, for whom the current was 
named, that he advised ships proceeding in this general region to sail 
along this coast whenever possible. 

The absence of thundm'storms is exceedingly noteworthy. For the 
Humboldt Current flows into the Tropical Zone in northern Peru, 
and to the Equator itself in the Galdpagos Islands. Equatorial 
latitudes are supposed to be the worst in the world for thunder¬ 
storms. Indeed, directly across the Pacific in Java is found actually 
the most thundery portion of the earth. So the contrast is striking. 

The explanation is that along this eastern South Pacific coast the 
Humboldt Current acts as a water- and air-conditioner. Except for 
the aridity, the climate has no extremes. It is always cool, but never 
cold. It is like coastal California in summer. It is foggy and often 
misty in the hills, yet rain occurs seldom. The climate varies scarcely 
at all from the inward seaward edge of the Humboldt Current to 
the crest of the coast ranges. It is more or less the same, also, from 
where the current starts near Valparaiso, Chile (33® S., 73® TV.) , to 
approximately Talara, Peru (4® S., 81® TV.). 

Flowing from south to north, the Humboldt Current is the feature 
which makes the weather approximately the same for a distance of 
2,500 miles. This vast marine river extends some 100 miles in width 
in Chile to 260 miles off Peru, where it turns from the continental 
border seaward. TVest of southei-n Ecuador it continues its normal 
character to the Galapagos Islands, 600 miles away. The numerous 
bare and rocky islands within this vast stretch afford ideal nesting 
sit^ for uncounted millions of cormorants, penguins, and other sim¬ 
ilar fowl. 

The wise people along shore protect this oceanic life, and have done 
so from prehistoric times, except for a half century when foreigners 
interfered. The birds repay their human benefactors with huge de¬ 
posits of the richest fertilizer on earth—guano. The ancient beds pro¬ 
vided many fortunes in the latter half of the nineteenth century. Ke- 
cent and accumulating stores, the result of highly constructive con¬ 
servation practice, will insure permanent fertility to the soil in the 
neighboring fields. Indeed, it is because of guano that the nearby 
land areas have maintained a high productivity for more than 1,000 
years of intensive cultivation. 

The fertilizer manufactured by the birds is the result of the gor¬ 
mandizing on the enormous fish population in the surface waters of 
the Humboldt Current. Although fishing is a profitable industry to 
the fishermen of the countries adjoining, no systematic exploitation 
of the valuable aquatic resources of Peru has ever been made except 
by the birds. 
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OCEAN CURRENT CALLED “THE CHILD*'—MEARS 

The Humboldt Current carries to the Equator a cool temperate 
climate, and the region is noteworthy for the absence of tropical dis¬ 
eases as well as tropical storms. Consequently the inhabitants of this 
part of the Tropics are unaccustomed to the features usually associated 
with such regions and are unprepared to cope with them; they regulate 
their lires largely upon the course and force of the Humboldt Current. 
Their faith is usually justified. But occasionally a violent year like 



FrotJiac L—IdtesIoq of warm waters from the north (commonij called HI NtfSo) 
during average rear (southern Bummer)* 

Warm waters of El Nlfio-►-►-►- * 

Cool wateis of the Humboldt^-► —-►-► 


1891 or 1925 appears on the calendar. Then the northward-flowing 
Humboldt Current is abruptly either pushed aside or covered up tem¬ 
porarily by the southward-rushing S Nino. In 1925 disturbances 
were reported as far south as ValpaiAiso; in 1941, as far as Pisco 
(12° S.,76° W.), or thereabouts. 

Wherever El Nino goes, both air and sea water become tepid. The 
cool-water life in the Humboldt Current, consisting of birds as well 
as fishes, migrates or dies. In 1925 the entire coast line was strewn 
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With thfl dead from the sea. On Jand, ewanns of mosquitoes, flies, and 
otiier maeds lufeGtcd the couutiy. All liTing cteaturea suflered from 

the mteDSfl heat. Furthermore, tropical diseases afflicted the 
population. 

Worse still, the uormally storm-firee region was visited by violent 
thunds^orms, cloudbursts, and other torrential rains throughout the 
entire length of El Nino’s eitension. The Chanchan Eiver ia said to 



ranio z—iQTaafMi ot JSa nmo into ibe Damboldt Correot 

em nnEunerh 


MB in itfii 


Wann wntpxfl ot la Nlflo -+ ^ _ 

Coql wBlen of tbo Htuuboldf^_ __ _ __ 


have r^n IS feet m 1 day. The famous insenptiona at Chan Chan 
which had nernamedhtUe changed for more than four ccaturiefl wen 
almost obliterated. Railway lines 'Were washed away ’ 

In l&ao even a part of the foundation of the interaational highway 
bnd^ in nort^m swept off with the flood. A creek tlJ 

usually could bo waded bad to be crossed in a bjXi .7* * 

ovrfowrf tkcir b.„b. Crop, i. li, 
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agricultural production takes place, were ruined. The rich soil was 
carried out of its place, and rocks, boulders, and debris left in its stead. 
This meant that when the weather conditions became stable, the farm¬ 
ers had to clear away the wreckage, replace the soil, and proride seed 
beds for next year’s crops. 

Strangers, unfamiliar with these unique conditions, ventured the 
belief that the inhabitants would have bumper crops on the usual desert 
lands, for the unusual abundance of moisture had produced a record 
rank growth in an astonishingly short time. This prophecy was borne 
out, for in recent deluges the inhabitants have taken advantage of the 
excessive precipitation by erecting temporary fences to protect their 
exceUent harvests. However, it is apparent that these farms on the 
open desert are of sporadic value only. Lands that yield once in many 
n years naturally do not have the same importance as those that produce 
unfailingly year after year during the season, or, in some localities, all 
the year around. 

Permanent benefits of the visitations from the Child Current are 
decidedly minor in any attempt to balance the enormous disasters that 
accompany it. One favor it leaves in its wake is drinking water in the 
ancient reservoirs of southern Ecuador and part of northern Peru, 

■ although, it should be added, in Peru much safer water is obtained 
' from the melting snows of the eastern mountains. Furthermore, the 
^ rich sea pastures of the Humboldt Current benefit by the action of the 
I rains in washing down th^ occasional huge additions of fertilizing 
material. 

Also, although El Nino drives away swarms of cool-water fish, it 
transports numerous warm-water species to take their places, at least 
in part. In 1939 and again in 1941 the tuna, which rarely are seen 
beyond the border of the cold current, were observed near Callao 
(12'’S., TT^W.). Indeed, in 1941 they were caught among the rocks of 
« the port and were plentiful. 

Every year, in the southern summer, El Nino approaches Capo 
Blanco (4®S., 11“ W.) or Punta Aguja (5“S., 11“W.) with storms 
and their accompanying features. Between 1925 and 1941 only twice 
did the hot current go beyond these two bulging, westernmost points of 
the South American continent. Farther southward, invasions oc¬ 
curred in 1932 and 1939. It seemed that the old tradition of a 7-year 
cycle was being substantiated. The local inhabitants were well pleased 
to be able to anticipate the disasters at certain definite periods. 

Then came the invasion of 1941 in northern Peru, only 2 years after 
the heavy downpours during 1939. The floods of 1941 were much 
more generally extended than those of 1939; likewise the heated waters 
of El Nino from shore seaward were more widely spread out. In 
1939 its waters were kept away from the shore line south of about 
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Puntd Aguja by ft narrow band of cooler water. In 1941 Eucb a band 
did not esiKt. Not only did the rains of prove disaatroua to 
crops, buildings, birds, fisli, and local industries, but, CTcn more Im¬ 
portant, they upset the sense of security associated with the reputed 
T-year cycle. For the Child Current in l&'ll waa not observing the 
rules; It was cheating with an unexpected, off-schedule call which 
spelled uncertainty regarding the forecasting of future invasiona. 

Many attempts have been made to explain the vagaries of £1 NiAo, 
Both the sun and the moon have been named as Nature’s accomplicea, 
Sun-spottedness or lunar tides in the Antarctic have been blamed for 
I he behavior of this turgid, hot current Otlier explanations offered 
center nearer home, notably the southward shift of the low-prei^ire 
area along the Equator and its subsequent retreat southward of the 
South Pacific High off the coast of Chile. During unusual extensions 
of the Child Curreat, declining strength of winds from the south 
and southeast have been noticed, and northerly winds across Panama 
may have some effect at this seaonn. It is noteworthy that northerly 
winds often precede or accompany El Niiio’s abnormal movemente. 

The current has been identified definitely ag a branch of the Equa¬ 
torial Counter Current, which normally either turns northward or 
rccurvcH westward before reaching Panama. It joins up with the broad 
streams of the North or the South Equatorial currents. The Equa¬ 
torial Counter Currant, it is well known, enjoys a^t abnormally high 
marine temperature because it flows directly under the tieat equator 
across the entire width of the Pacific Ocean, approximately at its 
most widely separated points. 

Why the hrandi El Nino is sometimes hotter and stronger at soma 
places than at others has not been satisfactorily explained. In 19S9, 
for instance, the heated current, appearing in tlie form of bands or 
strips, was marked by a considerable range of temperature over a 
relatively small area. Some of these hands were hotter away from 
land than olose inshore; and vice versa. At the same Lime it was 
observed that upwellmg along shore in the Humboldt Current becamo 
weak or tended to cease altogether. Since the Humboldt and Califor¬ 
nia Currents ore ^‘nurror images’^ of each otiier during the season 
of upwelling within the California Current fas already stated, nor^ 
mally there is upwelling within the Humboldt Current throughout 
the year), the mo^ plausible explanations may be gleaned from fur¬ 
ther research applied to the northern stream. 

It is known, for instance, that there is a relatively warm subsurface 
coastal current flowing in the opposite direction from the Humboldt, 
and a similar counter eubsurface current continually runs under tlie 
California Current. When upwelling ceases off the California coast, 
this subsurface current rises and flows inshore at the surface as 
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well as underneath. The writer continues to surmise that when 
winds, atmospheric pressure belts, and other phenomena cause a ceaa- 
in g or 11 tendency to cease in the Humboldt Current upwellktg, 
perhaps the subsurface counter current underneath tends to dee to 
the surface in a similar mnnner. When its rise ciccuis near or at the 
boundary lino of the Humboldt, tho subsurface current carries with 
it tho hot surface water of the equatorial region, * 

In other words, it appears likely that £1 Kiito is the counterpart of 
the Davidson Current along tho California shore, except that the 
Davidson is never a hot current. The Davidson Current originates 
within the cooler Temperate Zone. 

We know that “The Child” comes every year to Tocific South 
America shortly after Christmas. We know where it comss from and 
the general direction of its traveL How vigorous and active it may be 
cannot bo foretold with any certainty. The traditional and stiU 
popularly accepted 7*year ^cls no longer constitutes a sure basis of 
reckoning. Tlie southernmost extension of its migration is another 
uncertainty. Someday we shall be better informed about the rangc^ 
and vici^itudes of this oceanic mystery. Until then, we can at least 
recognize the overshadowing importance of one of Kature's most 
powerful forces in dominating a relatively unknown part of the 
Western Hemisphere. 
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Plate Z 



K loading Cotton at paita. Peru. 
Photograph froiii Pan Amerimn Union. Country Grace Line* 



2. Port Works* Callao, Peru. 

Photcigraph from Pan American Union. C^ourtesy Fn><ltTick Snare roriir>any. 









MAPS, STRATEGY, AND WORLD POLITICS ^ 
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IWIth 6 pliEnl 

Geography ia tha study of the emih, its regions, and, raore parlitm- 
larljTi the relationship of one region to another. Mops are tools for 

tliB study of fieojjrsiihy. 

If the earth were flat us a table top, there would bo few problems 
ill miip making. Each item of geogruphicai interest could be sliowti 
in true relationship to any other Item since tho map, like a table top, 
19% piano and, lieiicoi two-dimensjonal. The oivrth, unfortunately, is 
a round solid. Map making is mainly concerned with the problem of 
representing three dimensions on a two dimensional piece of paper. 
Consider a globe—^it represents tlie world in all respects, distances, 
areas, directions, shapes; this it does because it is a thKe-dimensional 
scale model. If a globe bad a skin, it would be impossible to peel it 
off anti flatten it into any single shape without splitting or strotebing 
it. How to perform this opeiation is tho dilemma of map making. 
The greater the extent of (be sphere's surface depictwl by the map 
the greater is the distortion, and tho smaller tho extent of the surface 
the smaller the distortion. In large-scale tactical maps it brinks 
almost to the vanishing point but it le present, nevertheless. In an 
urea largo enough to show a perceptiblo curvature of llie earth, tho 
distortion becomes an appreciable factor. It reach^ a maximum 
when we attempt to depict the whole earth on one map. 

Thus difficult art of trying to represent the impossiblo Is called 
cartography, and the devices by which cartographers attempt to show 
a round surface on a dat and generally rectiingular piece of paper 
are called projections. Map making through tho ages has necessarily 
limited itself to controlling distortion, so that one of the four prop¬ 
erties—distance, direction, shape, or area—is shown correctly at the 
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expense of the others, or to achieve the best compromise among them 
■without any one being mathematically true. For example, a map on 
which all areas are shown in true relative size (called equal area) 
is bound to have distortions in shape, distance, and direction. In 
some, two properties can be satisfactorily combined, as for example in 
the azimuthal equidistant map. This is so constructed that from 
its central point direction and distance are true to any other point, 
but a nonradial distance is more or less seriously out of scale. (The 
term “azimuthal” is typical of the obscure terminology of cartog¬ 
raphy. In the case of maps it simply means radial, or as the spoke 
of a wheel.) The well-known Mercator map has the remarkable 
property of showing both true compass directions (but not the great 
circle directions) and true shape. The size of areas and distances, 
however, are highly misleading. 

Perhaps the question most frequently asked of cartographers is, 
“What is the best world map ?” The question goes to the heart of 
the cartographer’s problem for the answer is “There is no such thing 
as the perfect map.” One can pick out a “best” map for a given 
purpose, but that map will not satisfy other requirements. For ex¬ 
ample, the density of population is measured by the number of people 
inhabiting a specific area and should be shown on an equal area map, 
for to show it on a map where unit areas differ would introduce 
another variable making the study of relative density valueless. 
Where true compass direction between points is required (as in navi¬ 
gation), we must use Mercator; where great circles (the shortest dis¬ 
tance between two points on the globe) is the object of study, we 
must use the gnomonic projection which is unfortunately limited in 
scope to less than a hemisphere. To measure distances accurately we 
must have recourse to the globe or use cumbersome methods for trans¬ 
lating these distances from different projections. In fact, all these 
questions can best be studied on a scale model of the earth. Only 
a scale model is proportionately accurate in all respects—provided it 
is accurately made. Unfortunately the globe has disadvantages too. 
One can see less than half of it at a given moment; it is bulky; it is 
fi^pensive. A fine collection of good detailed maps or a first-class 
atlas can be purchased for the price of an 18-inch globe. But a 
globe is the one and only corrective for the distortion present in all 
maps. 

Selecting a world map on which to study strategy or the geography 
of war is practically an insuperable problem. For strategy demands 
geographical truth—distances, directions, and areas must be pretty 
close to scale because when they are true it follows that geographical 
relationships in general are true. This is, however, impossible in any 
kind of world map. ' 
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Ttie Search for a comprainisa Bolutlon has led to many ingenious 
projections, but for strategy still have to rarert to tlie globe. One 
way of approximating true geographic relationship is to decide what 
part of the global area is of least interest and Mctect a projection 
which tends to lump the distort ion In that orea. Thus the “center of 
remoteness’^ from the war and ite cooiietrLing llnea is at or very near 
the South Pole. In fact, from the South Polo to the thirtieth parallel 
soutli of tha Equator is an enonnoue area, nearly one4hird the 
earth’s surface, in which no ongagement of importance has been 
fought and which supply lines touch only peripherally. To banish 
the distortion into the ‘^inactive’’ area, we center the map on the 
opposite, or North Pole, and make linear scale true along radii from 
its pole along the tnerirliiins. Tliis is colled—^tn the semantics of 
cartography—tho North Polar azimuthal equidistant projccdon and 
is, in spite of its name, a pretty good map for global strategy. At 
least it bos tlie prime advantitge of showing continuity of the main 
land areas involved in the war. 

From tile Pole to witlutt of tlm Equator there is remarkably 
littlo distortion on this map. This nren contoins nil the major world 
powers^ ull the major fighting fronts;, except the Southwest Pacific 
islands, and most of the supply lines. The Mercator projection which 
fdlr centuries has had an iron grip on the navat, military, and teach¬ 
ing professions, divides its distortions equally between the North and 
South Polar regions ond is true on the Equator only. Owing to the 
constniction of the Mercutur projection, the regions immediately 
adjacent to the Poles cannot be shown at all, since they fade into 
infinity. Tet, because of the Mercator’s usefulne^ in uavlgation, 
moict seafaring men have come to think of intercontinental relations 
mainly in terms o< Mercator. Mercator's world is the world of sea 
power. 

Politically ours is a Northern Hemisphere world. Tor 99 percent 
of tho worlds population end about T5 percent nf the world's 
habitable land lie in northern latlLudea. Modem history has been 
made in the nortbem latitudes. The power centers of the world are 
situated 40* or more north of the Equator, London, Berlin, Tokyo, 
and Moscow lie from 900 to 1,500 miles closer to the North Pole than 
to tho Equator. Obviously a map whose maximum accuracy is at 
the Equator (like blereator) cannot be expected to show the inter¬ 
relation of the centers of power in North jimcrica, Europe, and Asia. 
Hiis relationship con be rendered most successfully on one of the 
polar projections. 

The map reader need not he misled by the distortions of a pardetdar 
map^ it is only necesaory to noto the specific distortion and make the 
proper visual oorrection. The main pitfall to avoid is the continual 
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use of one map, for the mind is inexorably conditioned to its shapes. 
It begins to look “right” and all others “wrong.” There are some ex¬ 
amples of how this conditioning has produced false notions of geog¬ 
raphy. Sample number one is provided by the Pacific war area. 
The Pacific is so large that any map of the entire ocean must have 
considerable distortion, but for generations we have depended almost 
exclusively on the Mercator projection. Similarly, the interrupted 
homolosine projection, devised by the late Chicago Prof. Paul Goode, 
^ctifices the polar regions to distortion. Its greatest accuracy lies 
in the zones of the world’s great shipping lanes and, hence, in the 
areas of naval strategy as conceived in the nineteenth century. Now 
both the United States and Japan lie on the fringe of Mercator’s and 
Goode’s area of reasonable accuracy, and the shortest line between them 
goes far above this area from Seattle aero® the Alaska Peninsula and 
curves above 55® N. before swinging southwestward along the Kurile 
Islands to metropolitan Japan. A few miles south of this line lies 
that too-long neglected bastion of North American defense, Dutch 
Harbor, while 2,300 miles south of that is Pearl Harbor. 

Pearly Harbor, in fact, lies on a line between San Francisco and 
Australia, and could only be called a flank defense by one familiar 
with the globe. Alaska, on the other hand, offers a jumping-off place 
for all the shortest routes from the United States to Asia, Japan, 
Siberia, China, India. For example, from the midwestem industrial 
center of the United States to Chungking, as flown by our ferry com¬ 
mand across the South Atlantic to Lagos to Khartoum to Karachi and 
so on, IS more than 12,000 miles; by way of Fairbanks end Siberia about 
8,000 miles. On Mercator the 12,000-miIo jaunt looks reasonable 
enough. But the direct air route New York-Chungking (which passes 
close to the North Pole) is difficult to trace on the Mercator projection 
as on this map it would go vertically off the top of the map near 
western Gi^nland, reappear above the central coast of Siberia and 
drop directly south to Chungking, 

Example number two is provided by the Atlantic theater of war. 
Both New York and London lie in the area of sharply increasing dis- 

e«at circle route between them reaches 
the fifty-third parallel. Hence the earlier perplexities of Anglo. 
American rehitions. Hence ako the widely held misconceptions of 
the Arctic, which m not a stagnant, impassable waste, but a fluid, prac¬ 
ticable pathway of the Atlantic. In fact, the Mercator mind bla^nkly 
abandons the Arctic to infinity while it faithfully records the tvZ 
proportions of the jungles of equatorial Africa, Amazonian rain for- 

abranch h Pei^ina«la. The Arctic is not only 
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and distance mark it still as a potential traffic lane. For example, the * 
distance from North Atlantic naval bases to the Bering Sea by way of 
the Northwest Passage is less than half what it is by way of the 
Panama Canal. 

The importance of Iceland has been long recognized by the British 
and American commands. A glance at an Arctic map reveals the 
Norwegian coast as the only Axis frontage on the Arctic basin. The 
importance of a northern all-year route is shown by the figures: New 
York-Moscow via Murmansk, 5,300miles; New York-Moscow via the 
Persian Gulf, 14,400 miles. This is not to suggest that the southern 
route be abandoned, for this route has the great advantage that sup¬ 
plies delivered at the head of the Persian Gulf can be distributed on 
comparatively short notice to several different fronts, the Russian, 
Egyptian, Syrian, and Indian. 

Example number three of thought conditioning by maps we can find 
on our home continent. Our eastern and western seaboards are far 
more conscious of danger from Axis bombing, yet Todelo, Detroit, 
Duluth, and Winnipeg are as close to Nazi-held Norway as Norfolk, Va. 

Salt Lake City, all of Montana and Idaho, part of North Dakota 
and Winnipeg are as close to Japanese air bases as Los Angeles. If 
either Axis partner were to establish advance bases in Greenland or 
Alaska, most of the Middle West would be in as great danger as 
the seaboards. Here again are facts not revealed on most of the 
maps in common use. 

We have pointed out that aU maps must be misleading in them¬ 
selves, but use of a map even with knowledge of its limitations can 
also produce misleading conceptions of geography. Continual use 
of a given map in a fixed position results in dulling of perception. 
For example, the Mercator projection shows us with perfect accuracy 
the north-south geographical relation, yet most people are skeptical 
when told that all of South America lies to the east of Savannah, Ga. 
By looking at a Mercator wall map with the aid of a mirror, the 
true relation is made plain. The shapes on the map, of course, have 
not changed, they are merely reversed, and in the reflected image 
the inunense eastward sweep of the coast from Brownsville to Natal 
is startlingly revealed. It is useful to turn maps upside down, or 
point them in a direction which might represent the point of view 
of an individual or a nation, as for example a Briton’s view of the 
continent, or Hitler’s view of the Middle East. This practice is 
recommended in defiance of the rooted conviction of the cartographer 
that north must always be at the top of the page. The globe has 
no “top.” 

The assault on map traditionalism has been led mainly by Ameri¬ 
can magazines and newspapers in their search for visual aids to 
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• reports from the theater of war. The North Polar equidistant pro¬ 
jection, for example, had hardly ever been used as a world map 
since Cassini (1696). After its reappearance in a leading national 
monthly, it has become increasingly popular with magazines and 
newspapers. Another case is the even older orthographic projection. 
This map has remarkable visual properties and its neglect is one of 
the major mysteries of cartography. A series of orthographies 
recently published provides in four maps a good and inexpensive 
substitute for a 20-inch globe. In the increasingly popular conic 
projection—^tbe cone having been laid tangent to the forty-fifth 
parallel of latitude north—^the battlefields of south Bussia are very 
nearly true to scale. 

Many college geographers now realize that the United States has 
been lagging far behind other nations—the British and notably the 
Germans—^who not only produce large quantities of maps but pound 
away at geography and aU its lessons, political, economic, and 
military, throughout all grades of schooling. American cartography 
is now meeting this challenge with boldness and ingenuity—^par¬ 
ticularly as regards the representation of large areas. German map 
making—profuse in detail and meticulous in execution—has largely 
stuck to conventional projections, and Mercator’s hold on German 
cartography may account for some German misconceptions as re¬ 
gards the strategic position of the United States and the Soviet Union. 
By contrast, American cartography now leads in the imaginative 
use of those projections which show large areas and true distances, and 
thus are best suited for teaching the new geography of international 
air communications. 

The psychological isolationism of the United States, be it said in 
conclusion, can be in large measure traced to our failures in map 
making, and the teaching of geography—the prerequisites of educa¬ 
tion in international relations. The world is round. By the skill¬ 
ful presentation of its “roundness” strategic realities are made clear. 
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Europe seen From a Point in the Stratosphere above the Mouth of the St. Lawrence Rcver. 
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PUKTE 2 



Mercator Projection* 

The pyhn4er Lh wraptwl around th* kIoIw lanRent to the Ef|uator. Distortions whieh increase as iJolar 
latitudes are approached reatiU rrom stralj^htcnlng out the curved merldiang. 
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PUKTE 5 



ORTHOGRAPHIC Projection. 

iQ this ease the center of projection ts at Infinity, and the projecting lines alJ fall per^ndlcular to the pipe 
nj projection. The oblique case is like a picture of the Klobe and rocommendoil tor its visual qualitira. 
Yet the scale is tnie at the center and along any concentric ctrete. Distortion Increases toward the periph¬ 
eries 






















THE NATUKAL-mSTORT BACKGEOUNT) 
OF CAMOUFLAGE" 


Bj HcaJirar FiiK&KASir 

ewtfDitifafon of Bird*. 17. A yn^oiiaJ 


[WLth ISplMlc*] 

TNTHODDCTION 

If we look up the word ‘"oamoufinee” in a standard dictioTinry,, we 
Eud it defined aa ooncealment by disguise. Tlie disguise may be of 
such a nature as actually to simulate the immediate bacl^ouml or 
meioiy to break up the outliTW or reduce the visible solidity of the 
object camouflaged. Wlien man triesj to camoufln|a an object, he ^ 
litomlly disguising it; in nature on the other hand, the disguise in 
the Dormal coloration and is so termed because it has the effect, without 
effort, that man consciously aims for in his attempts. Although t ha 
word “camouflage" did not coroo into common usage until time 
of tlie last war, tlie application by man of tlm ideas involved dates far 
back into mitiquity. Baaed originally upon hm obMiratinn of its 
occumneo in naturn and its relative effectiveness under varyi^ cir¬ 
cumstances, it lias been adapted by man to his own purpi^B. ^ far, 
these purposes have bean chiefly related to warfare, although, to 
Iffiser OKtent in civilized soeietica and to a somewhat peater one m 
primitive peoples, camouflage has been applied to such ae m ea a® 

hunting and fishing as well. , ^ .1 

The e^ritial elemnnta mvoWed In camouflage ore those of conce - 

ment and surprise. Concealment, to use 

either defensive or offeiisivo (i. e., the value tn^ be to * P™' 

spective victim safe by its invisibility to a pr^a^^us ^ 

may tender the marauder invisible from, and thereby help ^ ' P 

ta« its intended quarry). Moat wUd ctnatures bvemconstimt danger 

frorn enemies nr em themselves ever on the alert for pi^pective p^. 
th^y do not know thfl comparndvo peace and secri^ty o 

CiTiLd UvM. It ». th.«Io«, .Ot surpr,»l.e K. ^ 

»rt, .debiting mantles t,p.» «td d.gre» «.d T.n.L.o«s of »..ii 

'Bfljriiuiil mun SnUihiontaD W»f Bifkpwima StnOJe* Nc. B, Pimi. S<0o. D»e6Bil»«i 
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concealing adaptations as are implied by the term ^‘camouflage-^ One 
of the fundamental factors in the lives of wild creatures is the combat 
between species (for food primarily, one feeding on the other or 
competing with it for a common food supply), generally referred to as 
the struggle for existence. The problem of self-preservation in nature 
is very real, ever present, and often so difficult to cope with that some 
species appear to be numerically limited by it to a very marked degree. 
As has beei^emphasized recently by Cott (the Eoyal Engineer’s Jour¬ 
nal, voL 52, p. 502,1938), the vital— 

• • * argent aatare of tlila • • * problem of self-preserratlon is re¬ 
jected in the variety and speciallzatioa of Nature’s adaptive experiments In 
offence and defence. For instance, we see evidence for tbis in ♦ * • sjieed, 
on land, in the air, and under water, by pursuer and pursued; in the use of stealth 
and surprise, of deception and ambush; In the display of warning signals, or 
of alluring baits; In the elaboration of smoke screens, traps, nets, and para¬ 
chutes; In retreat obtained by borrowing underground, or by the adoption of 
nocturnal habits; in the development of poison, and of deadly apparatus In the 
form of fangs or stings for its injection Into the bodies of enemies or prey; in 
protection afforded by plated or spiny armor; and in the use of chemical warfare 
which is practised, for instance, by certain insects; and of poison gas, by crea¬ 
tures like the dmnt. 

Of all these various adaptations—which it will be noted each have their parallel 
In the paraphernalia of modern warfare—perhaps none Is so Important, so 
widely distributed, or so perfect as that which renders animals Inconspicuous, 
• and often well-nigh invisible, in their natural surroundings. 

He even goes so far as to say that— 

♦ * • concealment appears to have been one of the main ends attained In 
the evolution of animals. And although In most spheres of modern warfare 
man has now (though In some cases only recently) advanced far ahead of the 
animal creation In his equipment for protection and aggression—^In regard, for 
instance, to the development of armor and mobility, to the use of projectiles 
and of devices inch as the balloon barrage (which In principle Is a gigantic 
spider’s web), smoke screens (which are used with effect by cuttle-fishes who 
dart for safety behind a dense cloud of sepia) , and of Instraments such as range¬ 
finders and sound'detectors and the like—the case of camouflage is an exceptional 
one. 

During the last war camouflage was developed extensively along 
such lines as dazzle-painting of ships to break up their mass and render 
their outlines less definite and less recognizable, of splotch-painting of 
field artillery pieces to simulate their surroundings, and of lightening 
those parts of objects that were usually in shadow to reduce the visud 
solidity of the objects involved. On the whole, it may be said that the 
bulk of the camouflage work done was to create concealment from 
ground level or at least from fairly low levels. Concealment from high 
above was relatively le^ important then than now. However, with 
the present enormous development in aerial warfare and the ever-in¬ 
creasing use of the air arm in both military and naval operations of all 
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kinds, the problem of effective concealment has come to resolve itself 
more into concealment at a distance or from a height than from neaTby, 
It is probably no exaggeration to say that military camouflage has 
a greater and more vital importance now than it did in previous 
wars. Coincident with this increase in its use in warfare, there has 
been a growth of interest in the subject on the part of the public in 
general. Military camouflage, particularly with respect to its new 
developments and discoveries and applications, is necessarily a secret 
of the armed forces. But the natural-history basis of all this work may 
be here outlined for the interested reader. 

The modem study of concealment and disguise in nature may be 
said to date from the work of the American artist-naturalist, Abbott 
H. Thayer. His first paper, originally published in an ornithological 
journal, The Auk, in 1896, was given wide distribution to scientific 
circles generally in the following year in the annual report of the 
Smithsonian Institution. First among our scientific institutions to 
recognize the theoretical and potential significance of this work, the 
Smithsonian has ever since followed with critical interest the unfolding 
of the subject. In 1909 Thayer brought together in definitive form 
his discoveries, ideas, and observations in a stimulating book entitled, 
“Concealing Coloration in the Animal Kingdom,” which has served 
as a basis for all subsequent work and which is stiU useful and interest¬ 
ing in spite of subsequent data. Parts of it have been modified or even 
negatived by more recent studies, but on the whole it stiU serves as a 
good introduction to the subject. The most recent comprehensive 
book on the topic is Cott’s “Adaptive Coloration in Animals,” published 
in 1940, This book has very extensive literature references and may 
be consulted by the reader interested in details beyond the scope of a 
general paper such as the present one. 

As Thayer first pointed out, in order to discuss mtelligently the im¬ 
portance of distinguisliability (i, e,, the degree of possibility of being 
seen) in the lives of animals, we must remember that it is at the crucial 
moments, when they are on the verge of catching or of being caught, 
that sight is commonly the indispensable sense. Smell and hiring 
may lead an animal toward its prey or away from its enemy, but in the 
last all-important seconds, sight is relied on almost entirely in many 
animals. It is for these moments that animals have most need of 
concealing coloration, and for which, on the whole, their coloration is 
often best adapted, and when looked at from the point of view of the 
potential victim or the potential enemy, as the case may be, often proves 
to be what Thayer terms “obliterative,” It should Ite stressed at the 
outset that not all animals are concealingly colored, but this does not 
affect the interest in, and suggestive value of, those cases where they are, 
Overzealous students of animal coloration, especially the pioneers, have 
f^eeTes—4i-is 
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at times oTerstated their exposition of the subject by applying their 
ideas too widely and by insisting too much on one general explanation 
to cover all cases. The fact that the camouflaging of animals is not 
successful at times is not entirely a negation of the camouflaging effect 
of their coloration but may be due to the fact that other senses, such 
as smell, are not affected by the visual results of concealing coloration, 
and offset or render futile the best that camouflage can do. 

OBLITERATIVE SHADING 

The immediate surroundings in which animals are found are natur¬ 
ally very variable in such matters as vegetation, amount of light, type 
of earth (whether rocks, gravel, sand, or bare earth are visible, or if 
everything is covered by leafage), and consequently the patterns needed 
for effective concealment are equally diverse. There is, however, one 
underlying factor common to animals in all of these backgrounds 
to a greater or lesser extent. It is this: regardless of its particular 
color pattern, to become relatively invisible an animal must lose its 
appearance of solidity, or, to put it in other words, must not appar¬ 
ently cast a shadow on itself. The light falling on an animal usually 
comes from one direction, generally from above, so that some parts 
of the animal (usually its back) are in stronger light and the opposite 
parts (usually the underside) are in dimmer light or even in the 
shadow of the illuminated parts and tend to look darker. This is 
easily seen by placing a white ball on a table with the ligh coming 
from above—the under surface of the ball is shaded and at once re¬ 
veals the spherical solidity of the ball, even though it be placed on 
a white table. In most animals the light and dark tones are so ar¬ 
ranged that they somewhat counteract the effect of self-shadowing. 
This is brought about by having the darker tones where the light 
strikes (usually from above) and the paler tones on the parts in 
shadow (usually the lower parts). In other words, darker tones plus 
more light on one side tends to equalize paler tones plus shadow on 
the other, result is a greater or lesser degree of reduction of the 
visible solidity of the animal. This distribution of light and dark 
tones on the animal, tending to counterbalance the unequal lighting 
the parts receive, is kijown as obliterative shading or countershading. 

Countershading is, therefore, a basic principle of animal coloration 
and is of wide occurrence in nature. Many and quite unrelated 
groups of animals—mammals, birds, reptiles, fishes, etc—in all parts 
of the world show it. Countershading may be described in relation 
to body form, to environment, and to habits. In some fishes with 
deep-bodied, laterally compressed forms having nearly vertical sides 
with but very slight convex curvature, strong countershading would 
defeat its own end, and it is noteworthy that such species are only 
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slightly countershaded. In them, the degree of countershading shows 
a relation to the body form. (Examples are some of the ilarchid, 
scatophagid, and cichlid fishes, which, unfortunately, have no com¬ 
mon names.) Other animals living in dim light, where shading 
would be less extreme, reveal in the slightness of their countershading 
a relation to this environmental factor. Likewise, animals living on 
open plains in bright sunlight, such as many antelopes, deer, larks, 
etc., are strongly countershaded. In the case of the shark sucker, a 
fish that has the habit of attaching itself by a sucker on its head to 
different parts of sharks, no countershading is present. However, 
since it may have any side uppermost, the lack of countershading may 
be considered in relation to this habit, as the fish maintains no con¬ 
stant position with reference to the source of light. In some cater¬ 
pillars, the normal resting position is inverted; i. e., the back is down 
and belly up (example, the larva of the eyed hawk-moth, ■Smerinthu* 
oeellatus ), and it is indeed suggestive that in these creatures the coun¬ 
tershading is reversed being darker on the underparts and paler on 
the back. 

The simplest form of countershading is merely an even, gradual 
transition from darkest on the parts receiving the most light to lightest 
on the parts most in shade. However, the same effect may be, and in 
nature often is, effected by patterns which blend at rather short dis¬ 
tance. For example, the spots in many spotted animals are larger on 
the back and become smaller on the sides and disappear on the under¬ 
parts. If these spots are fairly close together, at a distance they tend 
to blend, forming a graded countershading. The body stripes of 
zebras, for example, are very broad on the back and taper very ap¬ 
preciably on the sides, giving again something of the effect of counter- 
shading. Mottram (Proc. Zool. Soc, London, 1915, pp. 679-692) ex¬ 
pounded this idea that certain patterns found on animals become 
blended with distance and result in obliterative shading. This depends 
on the fact that if a pattern composed of alternating dark and pale 
markings, regardless of shape (they may be bars, stripes, spots, etc,), is 
looked at from successively increasing distances, a point will be reached 
from which the separate markings are lost in a blended effect, pro¬ 
ducing a tone depending on the relative amounts of dark and pale. It 
may be pointed out that this type of countershading is effective only at 
a distance and would be of little value to an animal in the last 
crucial seconds when it is about to catch or to be caught, but it might 
help prevent the situation from arising. However, the picture is not 
as simple as it has been presented so far in this paper. In the majority 
of cases, the immediate background against which even the most per¬ 
fectly countershaded animal is to become invisible is not an even tone 
of one color without breaks of any kind. If there is a background of 


264 diJINUAL REPORT SMirnSONlAN JWRTITOTION, JE43 

for exjimple^ cftch blsde (v^ben c!ds? Bp) ligg a or at 

laast an outlme; falleti twigs or kaTes praseiit oven more shapen and 
irregularities of li^t and dark. The combination of countershading 
and pattern re3eiiit)lunre does result, however, in sometliiiig rirnilar 
to blended patterns, but^ bnwever, functions aLio,and in many instances 
chiefly, at dose renge. Having now grasped the role pky«d by oblitcr- 
ative shading, we may proceed to examino the varieties of patterns 
and color arrangements found in animals wbleh are concealinglv 
colored. ^ ^ 

COLOR REaEAlBLANrR 

Most of us have at one time or another become aware of a general 
similarity in appearance between certain animals and their surround¬ 
ings. We have come to expect creatures living in deserts or sandy 
places to have pale or sandy hues and not to startle us with the bril¬ 
liant greens and reds of some of the denineuB of dense tropical forests. 
Without asking ourselves why or even consciously wondering, we con¬ 
nect the white of the polar bear and of tlie snowy owl witli the snow and 
ice of their Arctic habitat. Again it must be emphasized tliat not all 
animals are colored to resemble part of their environment{ bat tha 
fact tliat exceptions ate easy to And should not minimize tlie other 
fact that a very gii'at many animals of all groups and living in all parts 
of the world and in all kinds of surroundings do bear on their coats a 
rcsetnblance to their immediate environnieiit. 

General color resemblance, of necesaarily only moderate value in 
effecting concealment, is shown by the prepemderanco of green birds, 
green tree toads, tree snakes, orboroal msectg, etc., in the forested parts 
of the world, with a similarly large number of browniBb forms 
dwel ing on or in Uie forest floor. The common salt^and-pcpper 
mottling or grayish-btown washes of shore birds allow a general re- 
eemblsnco to their aandy or pebbly habitat. The whole question of 
color resemblance is sWl unfortiinntoly largely couched In terms of 
human color Tunon, This will havo to be altered with increHslng 
knowledge of the color vision of the enemies of each animal showing 
color r^mblance to its background. An example may help clarify 
this pomt. It IS knov^ that modern developments in infrared pho¬ 
tography have reveakd that different green animals differ greatlv in 
t^ir absorption of infrared Dghl, and consequently those with great 
ateorptjve properties photograph as dark objects and those that 
reflect (and do not absorb) the infrared come out as light objects in 

that some predaceous animals, such 
as certain owls, have a visual ninga beyond the human ono on the 
infrared end of toe s^trum. It would follow fmm this that some 
green animals might be seen readily by toe owls while others would 
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not., although to <mr eyes both would seem eqiially well con- 
oculcd by their rolor. This problem is well koowo to the militury 
ctiaiouflnge experts in their cscperijncnts in concealing buildings, etc., 
with green paint or with leafy branches, the paint absorbing the 
infrared light and the chlorophyll in the leaves reflecting it. 

Just as we may consider the goicral applicabilify of color resem¬ 
blance in animals by viriue of the impressively large numbers of 
species that show some genera] color aimilarity to their surround¬ 
ings, we may also sense its importance by considering tho dirersity 
of coloration in related species with diverse habits and habitats. Not 
only may we say that many forest denizens are greeoish, many ter- 
ti’strial dwellers brownish, many beach forms sandy In color, but nlw» 
that within single groups of animals witli diverge habitata we Rnd all 
types of coloration in greater or lesser harmony with their back¬ 
grounds, Tn spiders, for example, the bark-dwelling species are 
usually brownish, thoee that. Uvo on stones aie frequentlj- grayieh or 
with a broken pattern of dork and light; gross spiders arc often 
green, while flower-inhabiting forms are whitish, yellow, pink, etc., 
in keeping with the flowera in each case. 

Going still further, wo find that color resemblance to particular 
local backgrounds varies geographically within single species. For 
example, in northern Africa crested laika of the genua AmincmOTiei, 
birds that dwell on the ground in open arid places, match surpris¬ 
ingly the color of the earth and sand. In one spot the ground color 
may be pale and tawny, so arc tho larks in that place. In another 
area, the terrain may be dark brown—so am the larks; iu still aiioiber 
whore blackish lava ia a prominent feature of the substrate, the larks 
are similarly blackish. Yet oil are one species, and intergmding 
specimens may be obtained between all their various extremes of 
color. A similar condition has been demonstrated in uumbors nf 
small mammals, such as deer mice, pocket mice, etc., by Denson (Con¬ 
cealing Coloration among Some Desert Bodents of the Southwestern 
United States, Univ, California FubL ZooL, vol. 40, p. 1-70, 1M8). 
The cases of this kind could be greatly multiplied, and practically 
every group of animals would be foiuid to contain instances of the 
sort. 

In some animals we find a seasonal change in eotormtion which ap¬ 
pears to be directly correlated with eoasonal changes in the back¬ 
ground. Well-known examples of this type are many of the ptarmi¬ 
gan, a group of nortbem grouse which are mottled gray, brown, and 
black in the summer, blending remarkably well with the pebbly and 
grassy habitat, and pure white in winter when their cnvironmeJit is 
covered with snow. The arctic fox shows a similar seaaonal change 
in color. This type of color resemblance ia, however, not very fee- 
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qiient in natuTt. In many cases the iKHSnnal changes in coloration 
are not such as make for greater concc&liiiient^ 

All the eiomples of color rcssmblnnce hitherto mentioned are fiited 
for their durations^ whether they be for life or for a season only. 
There ore ft number of ty|ws of color resemblance in animals which are 
yariabJe and depend on changing eiivironmental conditions, Soms 
are built up ^dually over a considerablfi period of time, while others 
are very rapidly brought about. In a sense, the seasonal changes al* 
ready alluded to a™ a connecting type of color resemblanee between 
definitely and purely variable reaemblances, but their period of 
effectiveness is long enough to warrant our considering them with the 
types. In the lives of many kinds of animals, eapecLaUy the more 
active ones—^tUat is, not sessile or ptirasitic forms—^individuals are con¬ 
stantly Cuming into contact with differing variations of their im¬ 
mediate surround]nga. In many cases when danger is sensed these 
creaturea tend to got back as mpidly ns they can to their optimum 
backgrounds, but others have the ability to meet the changai condi- 
tiom with variable eolomtion. Probnbly the best-known case of 
rapid change in color is that of the chameleon, a small liznrd which 
in^the course of a few' minutes can change its color through a sur¬ 
prising range of browns, radii, and greens, and darks and lights. 
Other lisards, such as some iguanaa and geckos, ate also known to 
possess the ability to alter their color rapidly. All are esscntinlly 
arboreal dwellers and rely on concealment more then on speed for their 
safety. Tarrestnal forms rely, in many cases, on 5pccd first, and then 
on concealment. 


Fishes also possess amaxing ability to change their color in keeping 
with changes in the background against which they find themselvcl 
A notable series of eiperiments on the flounder was conducted by Mast 
(Changes in Shape, Color, and Pattern in Fisliea and Their Bearing 
on the Frobletna of Adaption and Behavior, with Special Reference 
to the Flounders, Puraliehthyt and A.neylcp$ma. Dull, TJ S Bureau 
Fieheries, vol. 34, pp. 173-23fi, iflio). Tlie flounders, ordinarily gray¬ 
ish brown or grayish ohve in color, speckled with darker brown, not 
only can and do r«pond to altered backgrounds by changing from pale 
sandy yellow to dark blackish brown, but even alter tlie fineness or 
coarsen^ of their patta^ in keeping with that of the background, 
simulating to an astonishuig degree the tciture and pattern of the 
bottom on which they are rating. When lying on a uniform muddy 
background, they tend to be uniformly colored, the speckling being 
much reduced in ^ and number of specks and in any difcrcnce b 
c^Ior from that of the of tha Ikh? when placed on coarw gravel 
Aey ^me coarsely flecfe«3 and spoddrf. The mechanism by ?hicb 
the dnwmatophons m the skin are caused to effectuato the r^ulting 
changes is only partly underetood and is out of our province in thS 
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fihort riiviow, our inters in the present psp«r I>ein£ in TThat hnppena 
rather than in how it h caused* Longl^ found that reef finhes 
rapid color adjustment following verlicAl movements—some species 
change from the decidedly patterned colors that they wear when on the 
bottom (and can be seen only from above) to a unifonii coloration 
when rising upward tlirough deep water (where a boLtnm-apprcisi- 
niutxiig pattern w^ould be revealing rather than concealing)* Another 
important result on Longiey^s work is the demonstraLion that parti¬ 
cular phases of color pattern are frequently correlated with d^nite 
types of activity in a manner which is in keeping with what seems to 
result in optical illusion (Year Book Carnegie Institution of Washing¬ 
ton, voL 27, pp. 158-LG8, 1918). For example, dlBareni tkhea wliidi 
have^ 

* “ * alternaie contumee of longlrtidiiiat Rtrlpes nr nnlfcinn color^ mA of 
trnnsterK bars, wear Uic innaer wben la motion (ao arcartgemeii^ wblcb niakee 
for cobcealment Lu Uiat It tendi to im$k forwArid movement) and tbe latter wben 
nt rtsiit [whEa bira better tsrre to break np tbn coDtuur anil Enrfatre fonn Qpdmft 
a broken beckgroiin^)- Mor^ver, iireclieJ^ almllAr adJnstmentB are found In 
eerbilu sq^nldBi which wear slrlpea Kwliufiiing aod baculi for rnating [ex. 
Cott, 4Co|Hlvu ColoraliPn to iUUmala> p. 28, iWh 

Other examples of rapid color chuogu iiiivo been recorded for other 
groups of animals—crustaceans, cephalopods> etc,, but the important 
fact iu the present cunucotion is that beneath aU the divargity of ana¬ 
tom jcaJ and phyiiological tuechajiistus involved in these different 
animals there is uauitlly a mmmon type of external atimuluB {change in 
inimeditUe environment as far as colorj texture, etc., isconcemad) and 
a conmion type of response* ^ 

Slower respom^ajH of simil ar type are known in certain insects and 
spidej-». Poult on (Philos. Trans. R«y* Scic^ London, voL 178, pp* 
31H41, 1887) showed by experimental studies that the larvae uml 
pupae of certain huiterllics possess the power of acquiring the color¬ 
ation of their immediate surroundings and allowed that in species of 
Vmetaa and Pkris the pupal adjustment was due to extreme sen¬ 
sibility of the larvae lo reflected light during the final resting position 
prior to pupation. 

Aside from ubliteraiive shading and color r^mbloncc many animals 
are aiill further concealed by the fact that the patterns of their 
coloratiijii tend to break up tli^ir outlines, so tliat at a distance they 
to be bits of the general surroundings^ rather than a recognizable 
shape which would tend to reveal tliem. This type of marking is 
known a^— 

DISnUTTlVE COLOTtATlOiJ 

Even with better than average oofor rcscmblanca and with some 
countershading, an animal is recognizable freiiuenily by the fact iliat it 
presents a oontlouity of surf oca enclosed by an easily identified contour 
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with which we (ot- ite enemi^) are ordinarily famlUExr* Thos, as 
Cott rightly insists— 

• ■ ■ for cfr«dTe wnffialpaeni:^ It 1# csa&atlal Ihal Uie teutale appeamnco 
□£ fDHD flboTild he destroyed. The dlMcnlt/ of liolns this Lb met, often with 
extmordinar; MW«a^ by the ap^tUcatlon af opiical principles toTolTinifr the twe 
of ofttcem- 

The rimctiou of disruptive coloration {which is a cODibination of color 
and pattern tending to break up or to reduce the visible outline of 
the animal) is to prevent or to delay the quick recognition of the 
object by right. 

It* iaccesfl dupendi nat only dpoG opdcfll prlaelplen, hut upon a psycbolotf cti 
Cflclor, Wlicn the Kttrfaee of a flab ♦ • • la carered with tri^ffujar putthca 
of coDtra^tad ealours add toues^ thcaa patches tend to ctitdi Lho eye of thA 
ohserrer and to draw Ms atleatLon awxj from the &ha|;yc which besrs them. 
The patterns themsclTca mny bu conaplmotui enoii^, hut since they contradict 
the form on which they are auperlntpoaed, they ccnceaU-Dte attentloa tipos 
themscLvca, and paB for port nf the general envlrgnmeaL 

Iji H gancinl way it moy U said that the concealing effect of a dia- 
rnptiTe pattern is greater if parts of its inctuded pattern bear a good 
color r&^blartce to the background while other elements are strik- 
ingly distinct The result is that the background seems to bo socn 
tlirough the onimiil in places, thns brealdng up its vIsum] form. Thus, 
& butterOy with a broim and green pattern would stand out as a 
butferfiy against a background not containing either of these colors, 
but against a brown ground it would look like an aggregate of groan 
sirot^ or, againat a green ground, like a bunch of brown marks. This 
partial matching of th# background is spoken of as differential 
blending. The effectivenesH of this dismpiive coloration is greatly 
increased if the adiaoent contrastingly colored markings arc also con¬ 
trasting in tone (lightness or darkness). Cases such oa the black 
collar bands on white or pale enndy ploTers, of dark lateral longi- 
tadinal stripes on some pnlihcolored antelopes, come readily to mind 
in this connection, Sveryone who has watched nng-necked plovers 
on Ae beach la aware of the diaruptiyo effect of the collar at a 
significantly short distance, 

CWNS'ESUCfTIVE SHAUIMU 

The amount of difference in tone and color of immediately adjacent 
parte of tlie pattern has an important bearing not only on the degree of 
success in its disruptive illusion, but also on the illuauty pirtoriaJ relief 
it may create on the ammai’s surface. For example, if between tho 
darkest and the ligbleat elemente in a color pattern there la a gradual 
change from one to the other, the optical effect is that of a rounded sur- 
face (from shade to light); if, however, the darkest and the lightest 
dements are in immediate jinttapodtion the effect produced is one of 












CAMOUTLAGB—flU£l>MAX» 


369 


sluirp ridges. Coni^esities may be nu de to appear concave, flat surfaces 
to a^ume undulations, and curved areas to flatten out, by the relatiun of 
ailjacent pal tern elements. The cooflequent distortion of the tme 
shape of the creature intu the resulting optical shape helps to conceal 
it just ns well as the actual disruptive marks tend to reduce it to a muss 
of uncoUDccted pieces. It is a curious fact, and one which demon¬ 
strates the enormous rauga of form, color, and pattern to bo observed 
in animal coloration, that tho general result of camoullBged appear- 
anoG can bo arrived at by such diametrically opposed methods as oblit- 
orafive ahuding (which reduces or dissolves solid form) and construc- 
ilve shading (which builds up the appearance of form that is not 
therc—such as ridges, convexit Lcs, etc.). ItmaybowcUtostate again, 
in different words, tliis matter of constructive shading and disruptive 
marks. In a very general way it may be said that the illusion of dis- 
continuity (tho rtsull of dipriiptive marks in their simplest form) in a 
matter of color contrast on a fairly even surface, while canstiuctive 
rfiading produces the illusion of surfnee modeling. A combination of 
the two not only fragments a whole into optically distinct and appar¬ 
ently unrelated parts, but falso by its sculptural illusion renders it more 
diOicult for the eye to conceive these pie^'ea as being in the same plane 
and therefore connectable. In somo instances, constructive shading 
brings about iin astonishing similanty to other objects atich as the 
appearance of leaf vein ridges in some caterpillars. 

Somewhat akin to constructive shading in its power of optical distor¬ 
tion is another type of diemptit'e pattern which has tlie effect of seem¬ 
ing to connect wholly distinct and not even adjacent parte of the body, 
thus further confusing the eye of the beholder and to that extent help¬ 
ing to hinder or delay recognition of the animal. A good example is 
the banded pattern in many frogs. When the frog is at rat (and in 
most cusea no camouflagu is of use when the creature Is moving) the 
legs are folded close against the body and the biimlg of the body ap¬ 
pear to be continuous with thefie of both the upper and the lower por¬ 
tions of the leg, optically merging into one mass. If the bands went 
in different directions on the legs they would stand out distinctly from 
tho body and attract attention. 

In Tnimy iiKUes there is » dark diagonal disruptive band on the body 
which often extends on to the pectoral or the pelvic dns, which, if not 

connected by pattern with the body would be much more noticeable. 
Many insects ^ow similar patterns involving legs or antennae os well 
a« portions of tho body. This type of color pattern has been termed 
coincident disruptive pattern by Odt, who was the first to emphnsiM 
the continuity of patterns of the head across the eye in order to hide tlie 
eye itself, ortllnaiily the most difficult part of on animal to conceal. 

Maiij flahes. trass, snakes, birds, and matcimiilj lisve larp^ mundcU btnek pnidU 
trlUcb fwoiorui to tbJa Ki? sbape most Ilkolj to catch do otuemr^ e/v. However 
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ancJi lEnlmAlR mij be csnumdafcd in fitlier rspnrtB, nnlesB the (pju r«- 
ffp«!n1 tTEatmcn^^ It w\\] pr^Jti<ll{^4» ihr-. imcceAfl of th« whole color-EcheTDB. 
It li thmfore fetf interest I njt, thot^h not eurprlsin#. to Und that nature—the 
Aopteme caiDOutlage nrtlst—has dealt Im j^ni dataU with this pruhl^m which Ui 
evidently one ot urgent liuportunce^ * # * 

lu Its mentliUd, tbu moLb^Hl * * ■ inrokei Ibe oytlcnl prlnclpte of^ooLud- 

deatdj^tmptlTU colnmlEuD. ■ ■ ■ IT nu eye, and particnlerly Lte ntiirlng block 

pupil p can he made to appear another ahapOp then It will omsB to nsejiihle aa pj& 
In theorjp each nn Ultulon could he created by coTerlng the eye^ or ita pupMi with 
a black nnak of lireiniilar ehape^^ deigned as to blend with and 4ee£a part of 
the pottem which fiurmatids It Now that la essentially the systeiu dertsed In 
nature. * • • Animals belotvptlng to many widely aepomte CatnllleB and ordem 
hare the erea caiwoufloged In precise detnll. Although the underlylag principle 
to everywhere the aame^ the inetdeuta et the pklure vary widely In dllEeteaC 
wen. SOBtetlmo^ an irreguTnr dark dliirupUTO area includet iht whole orbit 
tSomeUiaet Uie upper uarglo oC oia elongated pditch of dark plgmGat croB?« the 
iris exiictly uu u le^el with the top of the pupil. Or coaTerHcly It may extend 
heuenth to the pupiri lower Ibult Or again the eje xnny he rramed hy A stripe 
ecractlj tbe width of the pfupil Itself. In other cam similar efTects are produced 
In rertlcAl hAralnatend of horlxontal stripes; or in dinRcmai markings or Irreexilnr 
shapes rarylng grettly In alxe and dlstrlhotton. The one consistent fenturo in all 
this dircrsfty Is theslgnlllcflnt relatLou between tbnc unmitigated black spot—the 
ptipl)-—und the dark element which s&rves to ab^rb IL 

GiTen on animal with any or nil of the types of concealing color 
pattern already diseiiaGed^ it may yet be coticenled m vain in some cusesi^ 
it its nontour or boanding margin ba unaffected by the CBiuouliagt’, 
Actually, in mosit CBseaof dioruptire pattern the outlines of the animal 
OTO affected by it, and further tDarginai disruption is unnecessaiy, but 
in oome instsTices ths peripheml parta-^taSl, limbs, head and neck, or 
even the lateral contour margin are disruptivdy marked. 

coxL'ELAi^Miarr or TFrFi shadow 

We have already seen, in the cose of the white ptarmigan against n 
snowy background, that aside from the bird’s lock of obliterotiTe 
shading and its consequent Tisual solidity, its presence is revealed by 
the all ado w it casta on the snow at its feet. In case of danger the shadow 
would bo largely done away with, as the bird would squat low on the 
snow and actually cover a good part of its ahadow. It ia actually no 
figgeratioQ to say that in many cases of anlmata with a color pattern 
more or less concealing in nature, the shadow is more noticeable than 
the animal casting it. In creatures of laterally compreffied form such 
os buttedlies that rest with wings eloaely over the back, we find two 
definitely established orientation habits which appear to be related 
to the matter of shadow concealment or reduction, A number of 
Species, notable among which is the green hairstreak butterfly {Thwla 
ruSi), tut the wings away from the meiliaiv vertical plane toward tho 
ahadow, thereby hiding a larp part of iL The degree of tUting is said 
to be constant for each species, and numerous independent obeervere 
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havti testified to tiie fact Umt thu ivinir tilting is not ft Cftsuol or ftod' 
dental reaction, but ia definitely correlated with tbe dli«ctioii of sun¬ 
light and also to tlie approach of enemies. Another group, without 
the wing-tilting habit, always seein to orient the body with resi^eot to 
tlie direction of sunlight when alighting on any object so that the 
shadow cast by tlie wings (w'hich aro the largest part of the creaturs) 
is reduced to a thin, inconspicuous iina instead of a sioebte dark area. 
In animats with dorsorentroUy flattened or depressed body form, 
shadow's arc often reduced by the animalV squatting closely against 
the ground or branch or whatever the creature is resting on, but in 
many cases there are structural features which, whatever their other 
functions may or may not he, do serve to reduce shadow by cavering 
it from sighL hlany reptiles and am phibions, such os the homed toad, 
have lateral finlike flanges on the tail which not only help to cover 
the shadow that would othcrwlsB he Tieible, but by their gradual slope 
from the top of the tail to the substratum throw little if any shadow 
beyond themBelves. These flanges make for unbroken continuity be¬ 
tween the more suhstsiitia] part of the animal and its immediate 
surroundings. Tho sides of the body are flattened on tin to longitudinal 
fiangeo. As we have already noted in discussiRg constnictive shading, 
the effect of false sliadows, such as those of the leaf vein ridges, may 
be brotight about by pattern in some cmatures, such as certain 
caterpiUars. 

DISArrEAJtLNO COLORATION 

All ihe items examiued so far have to do with animals that ore moro 
or less stationary. Tliero are also s great many animahi that show 
bright pntches or pRtterna wlien in motion but suddenly conceal them 
when alighting. From the standpoint <if the pursuer it ia very con¬ 
fusing to be chasing something with a bright, vivid telltale mark and 
then find it suddenly vanishing. It often results in the pursuer racing 
on beyond Uie hiding prey and (hereby losing all chance of obtaining 
it. Color patterns of this disoppeanng type are of two main kinds, 
the one depending on the distinctive pattern being actually corered 
when at rest, the other depending on differential orientation to light. 
In tho first type the caws mny be very simple, involving merely tho 
disappearance of the bright color area, or they may involve elaborate 
protective color resemblance to the substratum on the part of the 
covering portions of the body. As may be eipcctwl, tlio second is far 
more effective as concealment than the first, but in both the elemimt 
of confusing surprise is tfiually present. An esample of simple dis- 
appearihg coloratioti is the common liorth Aiuericati woodpecker, 
the flicker {Celapteft auratvn). In flight (Ida bird shows a large con- 
epicuouB white patch on the rump, and bright golden yellow under- 
aides on tlie wings and tail . On alighting thewe parts are umiicdiatdy 
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(^oncealed, anti an enomy following these beacons might well be con- 
fuad by their sudden extinctinn. An exniriple of the more elaborate 
type is the leaf butterfly (KaUima pafahMa). Tlvis insect has a 
blight orange, brown, and whitiah pottem of bold markings on tho 
upper surface of its wings, which moke it a coiiKpiciious sight when 
the creature is flying. On alighting on a twig, however, the wings 
immedintely close together orer the back, leaving only their undersides 
visihle, Both in onlnr and in form the closed wings lofik amaaingly 
like a dried leaf and the insect is smltlenly completely concealed, to 
the bewilderment «f its possible pursuer. 

The other type of disappearing color is that found in animals with 
iridescent scales, feutbera, etc. A gleaming ruby light, ns an the throat 
of the male ruby throated hummingbirtl {AvtfMochus coltibru)^ is 
Huddenly extinguished as tho bird, in its darting about, alters its 
orientalion to the sunlight. This is, in effect, disappearing colomtion 
in motion, as oppowad to conoealmcnt of color when at rest, and it may 
he argucfl that when in motion the creature is less in need of camouflage 
than when still, Init within this le^r sphere of necessity, it may have 
a protectiTe effect. 


THE BETECnVENBas OF OONCBALINO COLOSATlON IN NATCltB 

There has been much difference of opinion among naturaliste as to 
the real cffcetiTencaa of concealing coloration in animal?, some esti¬ 
mating ita success as almost unbelievably complete, while other? con¬ 
tend that it has no value whaterer and is a reflection of a purely 
human approach to the subject- This paper is hardly the place to 
evaluate the arguments and the evidence pro and con, but it may be 
pointed out that the great majority of opinion doe? grant it some 
effectivencas, and, what is even more important, animals that arc what 
we call concealingly colored seem, by their habits, to rely on their 
coloration to save them from attack. It may be further mentioned 
that Um application to maii*k war efforta of the principles involved 
in conceding oolorotion in natms have been generally conceded to be 
of suffident effectiveness to warrant tlieir continued and even itt- 
crooBcd use. We are not concerned in this brief roriew so much with 
the various details of the functions of concealing coloi-ation as with 
a survey of tha methods by which it h attouied. 


CU^NCEALINO BODY FORM 

Not only are many animals tendered less conspicuous by reason of 
their Mloroticin, but also in many (and some of the most startling) 
^ by their form as weU We have already had a suggtstion of 
this m tbs body and tad flange that tend to eliminate ^conceal 
shadow, but may now bnefly consider some of the mam tyjiee of dis- 
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guise brought about by the shape and contours of the ani m als 
involved. 

As might be expected, morphological (i. e., form) r^emblances are 
to be found chiefly among smaller creatures whose whole lives are 
spent against unchanging backgrounds, i. e., creatures that are en¬ 
vironmentally more rigidly fised> Also, inasmuch as morphological 
resemblances are generally more specifically related to definite items 
in the surroundings than are many color resemblances (that are often 
of a general similarity to a background complex) it is to be expected 
that these special resemblances are chiefly to such things as leaves, 
bark, stems, ^aweed, etc. On the whole, it may be said that the 
value of the various typ^ of camouflaging coloration depends upon 
principles of visual concealment or confusion, while the morphological 
resemblances partake more of the nature of definite, specific, particu¬ 
late disguises. For purposes of simpUfieation, it may be said that 
we have to do here with the actual modeling of the body and not 
with constructive shading. 

We have already seen an instance of leaf resemblance in the case 
of Kallima^ the leaf butterfly- The ends of the wings are actually 
shaped like the stems of leaves and the outlines of the closed wings 
are duplicates of the periphery of leaves. Even more elaborately 
worked out is the leaf resemblance of not only the whole, but even 
the parts of such leaf insects as Ckitomham and Cycloptera. Aside 
from the all-important details which make or mar the effectiveness 
of the disguise, the basic common element in all leaf-resembling 
creatures is thinness. Whether the thinness is produced by a dor- 
soventral flattening or depression of the body or by a lateral com¬ 
pression, the creature orients itself accordingly with respect to its 
background, just as we found in the types of shadow eUmination in 
butterflies. Leaf resemblance is found not only in insects, but also 
in some fishes, chameleons, and other forms of animals. 

Resemblance to bark is one of the commonest types of morphologi¬ 
cal disguise. The reason for this is that all barks (in spite of defi¬ 
nite specific differences) show a smaller range of variation than do 
all leaves, for example, and at the same time the bark fauna is very 
extensive. Bark-resembling creatures include many moths, beetles, 
spiders, tree frogs, climbing lizards, and a few birds. In the moths 
alone, many distinct families have produced u^tance after instance 
of bark resemblance. 

Closely connected with bark resemblance is resemblance to lichen, 
as lichen is so frequently found on places analogous to tree trunks 
(from the standpoint of their inhabitants). Not only do we find the 
Same range of animals in all parts of the world with lichenlike ap¬ 
pearances or with strong bark resemblances, but we even find animals 
using lichens apparently for their concealing properties. For example, 
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the ruby-throated hummingbird {Archilochus coluhris), the wood- 
pewee {Myiochanes virens) and the blue-gray gnatcatcher {PoUoptila 
caerulea) cover the outsides of their nests with lichens, with the result 
that they are very well concealed. 

Also associated with bark resemblance are those cases of twig re¬ 
semblance, well illustrated by the familiar walking-stick insect. All 
parts of the body are here modified into slender twiglike pieces, and 
the joints between them have much of the appearance of plant nodes. 
Furthermore, the postures struck by the insects are in keeping with 
the illusion of small twi^. As a matter of fact, the harmony be¬ 
tween usual posture (which is not rigidly fixed in most cases) and 
the illusory form or color resemblance in many of these concealingly 
colored animals is one of the strongest lines of evidence for the reality 
of the camouflage. Otherwise, it might well be a purely man-made 
interpretation, but when creatures seem to act according to this color 
or form, or to be colored and shaped according to their normal activi¬ 
ties, it is difficult not to grant the reality of this correlation. 

In the sea we find crustaceans and fishes that have many irregular 
filamentous appendages, which bring about an astonishing resem¬ 
blance to the seaweed in which these particular species live. The 
fauna of the Sargasso Sea, an area in the Atlantic Ocean filled with 
the Sargassum weed, are perhaps the best-known examples of this 
kind, although others occur in all the oceans wherever seaweeds are 
common. There are numbers of species of small fishes, of crabs, etc., 
that spend their lives in the floating masses of Sargassum weed, and 
of this ecologically closely limited fauna, the percentage of seaweed 
form resemblance is high indeed. Specimens taken out of their nat¬ 
ural environment seem merely bizarre curios nf the naturalists’ cab¬ 
inet, but in their native haunts they merge completely into their 
surroundings. 

CONCLUSION 

C^ouflage in nature, is, then, widespread, both in all parts of the 
world, and withm all groups of animals. It may be brought about 
by coloration alone, by form alone, or by any possible degree and type 
of combination of color or morphological characters. It may be rig^ 
i^aiy fixed or remarkably plastic. Its degree of success in different 
forms 16 highly vanable, and, as might he expect^, the opinions of 
mvestigators as to its merits have been equally diverse In this brief 
Kview we have merely pointed out some of the types of camouflage, 
have given some idea of its complexity, of its multiplicity of methods 
imd approaches, and of the astonishing heights of deceptive efficiency 
It attains m many c^. Such controversial outgrowths of the sub- 
,e^ as mimicij and the theoretical difficulties it entails have been 
deliberately left out of the present discussion. 
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PLATE 4 



F Fhot<^rjii>ti from life. 



2. llird retouolied to remove color puttern^ 

THE OBLITERATING EFFECT OF COLOR RESEMBLANCE IN THE 

white-tailed Ptarmigan (Lagopus leucurus). 
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Plate 5 



1, Nighthawk» adult, young, end oggs* 



2. Spotiod jiatidpiper. young, and eggs. 

Concealment Afforded by Color resemblance and low 
Squatting position. 

(From cxhlbils in the V. S, NalionaJ Museum.) 
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Plate 11 



1. Constructive Shading. 

A> estreme dark and liKhl tmijs conivi'ctctl by intermtcHate shading, Eiving a smoothly rcHiQdpd app^aTanw; 
II extreme dark and llEht tones in contrasting jMslapc^sition, giving the elTect of ridges; C, a leaf 
iEpi^tor (For{?on) with eons!motive shading giving the appearance of leaf vem ridges. (Drawn by \\ * A. 
Weber, wter IJ. B. Cott.) 




2 Shadow EHMiNATiON in the horned toad (Phrynosoma cornutum). 
note the revealing shadow, tDrawn by 33 » A- 33 <!ber.) 
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PLATE 12 



1. NEST OF WOOD PEWEe {MyIOChanES VIRENS) SHOWING USE OF 

lichen for nest concealment. 

(From exhibit in the U. S, National Museani.) 
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PLATE T3 



L£AF BUTTERFLY (KaLLIM* FAffALjrKTAj, 

A, iLr liyitindy In dldjifU J^eiwlni ihr i^ktunili^wlib 'IE^E'bT; vL'ISkih! 

»l mt. 1«*3* Wti.* Ibt arounil Ihi ai. CHam PitJt.lE in Ibe l., B. Namift-a aJtUBifm.r 


SntiiLhsoniftn Repeal, 1^3.—Fried niBiin 


PLATE 14 



LEAF INSECT, CHITONISCUS, SHOWING MORPHOLOGICAL AS WELL AS COLOR 

resemblance to the leaves Upon Which it feeds 

(Frnjn eshibtt In the I'. S. NatlDnal Museum.) 
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PLATE 15 



OARH-RC^CNieLlNfl INSECTS. 

[I'Nint i-ihlWt In thi' I' - :* NiHlitrtnil MiuwUB-l 



5mich»nian Elepon^ J943.—Frledmitim 


PLANTE 16 



1. Walking -St lok irtsectB on twigs. (Phatograpk ijy- If. S. Barber,) 



2. Sargassum flsti iTItrtphrvnt hitMo) in Sargassum wwd. 

Fine examples of concealment bv boov Form. 
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16. 1, Australian copperhead, 

2, Brown snake, 

17. 1, Tiger snake, 

2, Death adder, 

la % American crocodile. 

2, American alligator, 

19. 1, Alligator-snapper, 

2; Common snapping turtle. 
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2Q, 1, Anaconi^a. 

2, Boa* 

21* 1, Galapagos land iguana. 
2, Komodo dragoa lizard. 


22. 1, Salt-water crocodile, 
2r Indian pyttion, 

23. % Eock python. 

2, Gonid'a monitor. 


TEXT PIQUEES 

1. Venom apparatus of rattlesnake_ _ 

2. Yellow-bellied sea snake__^^___^_ __ 
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INTEODUCTION 

Among a world population of some 2,400 different kinds of living 
snakes, less than 200 are ix)isonous to man. These poisonous snakes be¬ 
long to the following families: The Elapidae, represented by coral 
snakes and cobras; the Viperidae or true vipers; the Crotalidae or pit 
vipers; the Hydrophidae or sea snakes; and the Colubridae, To this 
last-named family most of the harmle^ snakes also belong, the only 
dangerous ones being those having poison fangs in the back part of 
the upper jaw. Some poisonous snakes are extremely useful in de¬ 
stroying rats and mice, but this desirable trait is offset near in¬ 
habited districts by their occasional biting of human beings or 
domestic animals. 

The chances of being bitten by poisonous snakes are exceedingly 
small. Only about one-sixth of our native snakes are poisonous. 
One person out of every fifteen bitten receives the bite while handling 
or ‘Splaying” with a poisonous snake. the United States alone 
automobiles kill more than 30,000 people annually, snakes probably 
160; for eveiyr person kilted by a snake, 200 die in automobile acci¬ 
dents.^ “ This does not mean that vigilance should be relaxed in 
traveling through snake country. On the contrary, it is well to 
recognize the presence of a very real danger as the best means of 
avoiding it. 

The distribution of poisonous snakes throughout the world is now 
fairly well known. They do not live in the extremely cold regions of 
any country; thus in North America they are known only as far 
north as the southern borders of Canada. Since the continents to the 
south of the Equator lie much farther from the Poles than do those 
to the north, we find poisonous snakes over the whole of Africa and 
in most of South America, except on the high mountains and in 
southern Patagonia. An extremely hardy viper occurs in Scan- 
dmavia to within the Arctic Circle; this is the record for cold en¬ 
durance among the venomous snakes. The Polynesian islands are 
of land-dwelling poisonous snakes. So are Madagascar and 
New Zeala nd, although both of them are relatively close to areas 


* Pope. ClUTord, Shakes alive and how thej live. p. 171, 1937. 
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wJi^ro many veiy dangerous kinds prCTttO. The AzoreH, and the 
Cimnry and Cape Verde iHlandu near Africa^ baT© none* The large 
tmd small islands of the Wc;e£ Indies lack poUonoutt anakes^ except 
Trinidad, Tobago, Martinique, and St. Luds. In the Temperate Zone 
their absence from Ireland has often bt^n noted* Thej are also 
znieeirig from Iceland, the Shetlands, and the Orkneys. 

The true Tipers (family Viperidae) are found only in the Old 
World, and the one dangercua rear-fanged coluhrid (tlie bnomalang} 
ia confined to AJrica. The crotalids are found in the New World and 
in Aaia, while the elapids occur in all tlie cantmenta ajccept Europe* 

Snakes and Ikards are both members of the same order—Squa- 
mate—in the class of reptiles. 

Only 2 kiiidis of out of nearly 3*OCO now known to science 

haTe proved to be poisonous, with 1 other very rare species au!q>ected 
to be so. The 2 poisonous lizards live m the seutiiw^etii United 
Statee and Mexico. The I suepected of being poizcnoiifi occurs in 
Eorneo* 

The other living members of this cla 55 —turtles, tuatarai and 
crncodiliens—^aro not equipped with venom glands. 

Some of the larger non venomous reptiliK are potentially dangerous 
to man because of their lacerating bite or their muscular strength. Tlie 
crocodile in particular has a bad reputation, while the crushing power 
of anacondas and pythons is traditional. Less spectacular because less 
widely known ia the alligator snapping turtle found in the Misaksippi 
River and other water lystems of sonse of the southern Stales. The 
soft-shelled turtles, one genus of which is found in North America, 
and others in Asia, while usually very shy, have exceedingly strong, 
sharp jaws, which can adminiater a f^vere bite to anyone raah enough 
to get near the darting head. 

Not all giants among the reptiles are savage, however. The Gali- 
pagos turtles, some of which easily tip the scales at 300 poundSi arc 
noted for their docile temperamenh 

Many ineptilea are, of great economic value to man, either because 
their hides, flash, or eggs arc useful, or because their food consi^e 
of rats, mice, and other pests which annually destroy vast qutmtitios 
of agricultural and other products. A great many of the smaller 
kinds of anttkea aro roden caters* Through bek of apace, only a few 
of the larger snakefi are mentioned in Uus paper. 

POISONOUS REPTn.ES OF THE WORLD 

THT. UNTTED STATES OF AMERICA 

Every one of our 48 States has at least one kind of poisonous ^akc 
Uviiig within its boundaries* All e^fcept the most northerly have 
several kinds* The 0ila monster^ our only poisonousi lizard, brings to 
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nearly 40 the total number of kinds of poisonous reptiles in our 
irountiy* 

The poisonous snakes of the United States belong to two major 
groups: the Elapidae, reptesented by eoral snakes^ which are related 
to the cobras of Asia and Africa, and the Crotalidae or pit ripars, 
represented by the tme rattlesnakes, the pigmy rattlers, the massa- 
SBogU) the copperhead, and the eottonmouth. 

^e renotns of the different species of polaonous snakes differ to a 
greater or less degree. 

All resame atb coiiiplex mlxtaret «onta1ntfif aerern] Coxle etemeota rn gen^ 
ernl rlie*© mey be divided lole two mola groiipo—ibc neorotoalns and the 
baebiotoxitia Anurently all auike veuoma Include the neutotoxic tocton. aad It 

nlilcti tisiiallj hTlns, fllmiit Uio dmitlL uf Uim tIcLIhul TI1C7 

EGvefal diCfcrcDt iKitlniui affal-i&Ht hqttb tis^ra, most Lniportikiit of wiilcb Lb t^elr 
iJI«ct the r^oterm contnoLLLnff rfiSfilrAtloii. Death foUowlnE makfi 

htte iiifKit often FcvaltB dKreet^j from nsplratorj fAlInre. They Tenomx of the 
cobTKB, coral Ktmkm, and iht-Sr allies are alini>et purely o^rotox^et bot viper 
and pit Tipor veaoiiiy iisoallj attack tbe clitnlator; s^eni as well. The commoD 
effects of the bneznotoxius La fly eh vendma are detstmetion of red blood cells and 
weakenln^ff nC the walls at Ihe BaaiLlcr bJoed vessels^ poiUcularlj the capLUarlei. 
(Wl«el WoVff.) 

Tax CO&AL 

The firrt ffnmpj family Elapidae^ h Tery similar in build to most 
harmls^ pnakeR. The poison apparatus consists of shorty Tertic4d 
fangs requiring a full bite for tie injection of tho poison. There 
is no very conspicuous enlargement at the betse of the jaws to giTe a 
triangular shape to the head supposedly eharacteristic: of poisonous 
species* 

It baa beeu r^i;>eatcdlr asflerted Ihat tba month |of the coral imnke| U bo small 
that It cauaot bUe as wall as the other pdlBODaitH flonkea. Thla, however^ Li noiae- 
what of a mLitoke. BxtGrnallj Bodflunerflelally the head » ^ ■ aii^nt very 
tboit oad narrow* and the opening of the gape hnt of pUlihl capacity. Aa ex- 
amlnarloc of the slteletoTi, however, sk^wH tho Rbnll to be oompamtlvdy largo 
and raUier donate, especially Lhe crmnlml part* which ooenpt^ fally twx^'UitrdB 
of the total length o£ the head The articulation of the lower Jaw, which la coi^ 
mpondlngly leagtheaed, la canieqaeatly far enodigb back to permit, by laeaufl 
of tha eUffUdlj of the llgamentit, the opentz^ of tbe inoath oaUe out a£ pro- 
portfoa to tha external aapect of the stlAke." 

Sine© the coral snake is ofum sluggish and “gentle*’ vrhen handled, 
some pei-anna have said that it can hardly be mduced to bite. It sotne- 
timea will bite very suddenly and unexpectedly, however, but as tlio 
wound appear© small and unimportant, the neceasary treatment ia 
often neglected, with serious resnlts to the victim pf the 

highly toxic character of its poison. 

■ SteJn««qr, Ll, PolaoDOHJ ualHi of Kailh Atoerlc^, Ahil. U* S 3ftL Uua. f*i ll&a. 

PL oca* IRlHt. 
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Tho coral snake is attractively colored with bright red, yellow,, and 
black trauHTerae rings on its body (pi. 1, frontiapiece, and pL 2^£g. l)> 
'rhii snout from the eyes forward is black. If in killing the snake the 
pattern of the head is lost, the coral snake may be identified by its 
black rings being bordered on each side by a yellow ring, while in 
the harmless species it is tjie ydlowish ring which is bordered on 
each side ^ a black ring. There are three subspecies of dficmrua 
fxitviw in the United States, the typical form occurring from south¬ 
eastern North Carolina south throughout Florida and the Gulf States 
to tho Bio Grande, north in the Misaerippi Valley to Arkansas; the 
subspecies hafhouri tn extrenie southern Florida, and the sub¬ 
species /ensrs from Miffidssippi to northern Tamaolipas, Mexico. An^ 
other kind of coral snake, now called Micruroides eunftearUhw but 
for many years conridcred a full sijoeies of the genus Mterwfuti is 
Said to occur in New Mexico, Arizona, and northern Mexico. 

Our North American kinds seldom exceed 3 feet in length, but 
iiumerous larger rclatires are found in South and Central America, 
where they arc a recognized menace. Our species feed upon other 
prices and smaU lizards. They burrow in soft ground or under logs 
and are hence seen more infrcqueiitiy tlian their actual nutnbem 
warrant. They come out of their burrows at night or after a rain 
to search for food. Their eggs arc deijoaited m decaying hark or 
damp soil, about seven in a clutch. The time of incubation, in this aa 
in all other egg laying foiake ap&cios, d^p^ds upon the hfiftt and 
moisluir; it is usuallj about months^ 


The Pit Vitaa 

Thft pit so callrf becaiiso of the Btuall pit botwctui the nostnl 

and the ejOt reprinting the Crotalidae^ uro much mors nujuf^miiB 
than the Elspidae Rinoa about M differont species and sub3|>eci^ are 
recogniaed within the United States. Th« rattlesnakes need no intro¬ 
duction, for they are kmi wn by reputation, if not by actual cont^t, 
to cretyoTW in this country. The presence of a whirring rattle 
tail tip is their spectacular and distinguishing chnractenstic. c 
rattlesnakes are divided between two genera, OTeialta and 
tho first having msny small walas isn top of the bead, t o secon 
with several large regular shields in that region, io the g^UB 
Siiirurm belong the massasauga and the pigmy rattlMnakes, whose 
^oms are less to bo feared because of the small slae of th^ snak®. 

VenotA and fritc^While we usually spe^ of the bite of a pit 
riper, it is much more accurate to refer to it as a strike. ® 

atrikas usually from an S-ahoped position, the posteiior third of 
the body remaining on the ground to gi^o necessary overage or 
the blow. Hence two^thirds of the body length is the rnimnium 
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striking UisLance. Konc of our Xortli Ainericiin pit vipere dctuallv 
jumps off the ground in malting an attack. As the liHud is thrown 
forward for the blow, the mouth is ot^ned, and the fangs, which are 
attached solidly to the movable masilla, are brought into sLrikiiig 
position as shown in figure 1. The renom is wmUined in a lar^te 
epecialkod salivary glaud near llie angle of the jaw (its presence is the 
cause of the conspicuous triangular widen ing of ihc Buokeu head pos¬ 
teriorly), and this venom rune forward through a tuba cormecting 
with the hollow fang in the upper jaw. The comparison to a hypo¬ 
dermic needle is very appropriate. When the anoke^s fangs strike 
the victim’s flesli, Uie weight of its body drives them deep, and they 
leave their load of venom or are EometimuS broken off and stay in 
the wound. The loos of ita functional fangs does not long incon¬ 
venience the pit viper, however. Them is a series of developing teeth 
at the base of each fang, and whenever a fang is shed or breaks off, 
a new one comes forwaH to take Sts place in a few days. To render 
a pit viper “harmless’’ by removing all these fangs thoroughly would 
necessitate cutting into the upper jaw so deeply that the snake would 
probably die. Every pit viper has also some solid teeth with which 
to hold the prey and prevent it from wriggling away while the snake 
is attempting to swallow it. Tin; amount of venom delivered at one 
strike varies greatlj even in the same individual. If the snake is in 
poor condition, if it has already struck recently, or if the fangs have 
to penetrate layers of hide, fur, and fat—or in the cshb of human 
beings, clothing or shoes—the amount of poison that may bo injected 
is correspondingly leas than normal. The diainumlback rattler of the 
noutheestem United States is our largest species and hence lias 
probably tha longest fangs—about three-quarters of an inch in a 
6'foot snake. The fangs at rest are covered by whitbh folds of ckiu, 
very appnrtmL when the enakc iipeiiE its nioiith, 

AddiiioncZ fccH oft™# ofpora.—It is a popular but erroneoua 

belief that a rattler’s age is told by counting the “rings” fai its rattle. 
The fact is that a segment is formed every time the growing snake 
^eds ita akin; hence a young snake acquires three or four during its 
first year of life, and about os many more each year during its later 
years. By the time it has reached nearly maximum growth, It often 
acddeDtally breaks off most of ita rattle—which is composed merely of 
segments of a dried, horny subeLonoe—so thot a very large enako pre¬ 
sumably several years old may have only one or two iwgmonid Circus 
men overcome thot difncuUy by fitting several rattles onto a big 
snake’s tail to make it more imposing to the trusting autlieuce. 

The colors of most pit vipers ore much duller than those of the 
brilliant coral snake previously disctiraed. Battlers especially ore in¬ 
clined to dull, dark tones as they reach adulthood, and this effect is 
increased by the keels of the lusterless scales which further roughen 
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their elfins. A. diamond or dieivron in brown or gray on a light tan 
ground is often the banb of the color pattern. The diamondback has 
an unusually distinct diamond dasign i hence its nanie< 


ii 


f 




Fkitim 1,—Opper, dlngram of tmoid Bwornttw rf rattliSMta. 
o( J)orM IflTolrfd la blttitf nii*lmDl9Hi irf rattlraneita A. Jaws cl^. ouf 
folded back Bfnlnat roof of mootbi B, h*ws op«> and fonjs erect or 
(From Tbc reptllM of Oolarlo, br ^ B. B, loitw* 

The pit vipers are so named from the presence of a ^iidl pit iu the 
dde of the head between the eyo and nostril, Tlua pit k fiUod mth 
sensory cells the function of which is stUl somewhat m doubt. It is 
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believed from experiment that the cells in the pit enable the snake to 
distinguish between cold and warm air currents and hence to know 
when some warm-blooded animal approaches it in the dark—a useful 
function since most pit vipe:^ are nocturnal and do their hunting at 
night. Their food consists of anything small enough to be swal¬ 
lowed—birds, mammals, sometimes fish, frogs, snakes, lizards, or small 
turtles—each species showing a “preference” for some of the food 
itans that it normally can obtain in its own particular environment. 

Most pit vipers are viviparous—that is, their young are bom (hav¬ 
ing developed in the eggs retained within the mother^s body) instead 
of being hatched from eggs as is the case with the coral snakes. Young 
snakes begin to look for food very soon after birth* * Their skin is 
usually shed within a few days for the fi.rst time* 

The timber rattler. 

First of the more common species on the list for easterners is the 
timber rattlesnake {CrotiduB harridvs^ pi- 2, fig, 2), also called the 
banded or black rattler. 

Distribution of this rattlesnake in the Northeastern States Is a^oclated with hills 
and mountains of moderate height, on which there are broken ledges with large, 
loose fragments on the slopes and top* These flat fragments may be a foot or 
more in thickness and from a yard to 6 or 8 feet in length, sloping back Into 
a fissure, the bottom of which may be covered with soil or leaves, and which pro¬ 
vides a position of security during storms* It is the common habit of rattle¬ 
snakes to coil under the edge of these rock masses, protected from the too hot 
summer sun, and ready to quickly retreat If disturbed* If the Intruder goes on 
his way, the snake may He In its motionless coil, without sounding the rattle, 
thus seeking to escape notice* Near these natural homes are specific crevices 
or "*deus^” where rattlers that have roamed over a considerable area during the 
summer congregate each fall preparatory to deep penetration and hibernation, 
beyond the frost line. During the late summer the females return to such places 
and here the young are bom, with a natural instinct to return to this specific 
area each year for winter shelter ♦ • •** 

The diamondback rattler* 

The diamondback rattlesnake (Crotalm adaTnmtem)^ already men¬ 
tioned, lives in wooded areas of the Southeast, especially among the 
scrub palmetto of the sea beaches in Florida* “It is not a swamp spe¬ 
cies, although it may frequent woods close to water and does not hesi¬ 
tate to swim across small bodies of water. In the coastal strips it 
crosses fair-sized tide pools and has been noted several miles from 
shore, where it has been accidentally carried by the currents* It is also 
found among the keys. When adult, its food consists largely of 
rabbits,” ® and sometimes of quails. There is a western diamondback 
which is said to cause twice as many deaths as the eastern species* The 


< Ditnun, B. L., SookM of the world, pp. 114-llB, 19M. 

• Idem, p. 118. 
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prairie rattlGS&alie &nd the water moocaiilD consUtuta the other species 
which together with the diamoodbacks are respoosibip for about 95 
percent of duaUia b; snake bite m this country. 

The pigwr rAhlesnaku. 

‘^c bites of pigmy rattlers and massasauges (genus jSisfruriw} are 
practically never fatal to adults, except possibly through septic com- 
blimtioifi. These rattlers are our least poisonous snakes, for of 90 
cases on record, none ended fatally.” * They fre<iueni.ly feed upon 
frogs. The massasauga is about feet long. It frequents swampy 
places, although it shuns the actually wet places. It is brownish or 
grayish, with diratnut-brown blotches on the hack and a similar row 
on each side. The ground rattler {pi. S, fig. 1) is seldom more tl^ 
20 inchca long, with a very minute rattle. It prefers dry areas with 
low v^tatioiL Its Tcntm is particularly powerful, but the small 
amount of it injected at a bite is not kitown to have been Mhal to 
man. 

The we ter 

Wliile the rattling of the rutllesnake is said to be s warning device, 
there are many pit vipers which have m* rattle and hence cannot 
give thn warning, unless tin* vibrating tail ^ould strike against dry 
leaves or riiBhes, in which ease a rattling sound Is produced. By far 
the most dangerous of these in t he confines of the United SUtw is 
die water moccasin {Agkiitrcden fUcivonis)^ or cottonmouth. 
Adults are dull olive or brownish alatve and paler on the sides, on 
which are indistinct blackish bands. Young specimens are brilUantly 
colored, usually of a pals reddish brown with bauds of dork brown 
ujirrowly edged with white. The snake is one of the largest of dm 
poisonous ones in this country, attaining a length of 6 feet, and it is 
also one of the moet pugnacious in its wild state. Over most of iU 
distribution it lives along streams and lakes or in swampe and is 
particuluriy abundant along abandoned rice ditchaa of the sootb- 
eastorly and GuH States. In captivity it feeds upon small rabbits, 
rats, birds, fislies, and frogs. 

Tlie cupperhead. _ 

Anotlier rattleless pit viper is the copperhead imk*- 

Jon, pL 1, frontispiece, and pi. 3, fig. 2)- It ran be reeogniaed y its 
reddish-brown hour-glass-shnped marks croeamg tlie back, set on by 
die light buff or reddisli-tan ground color. It feeds upon small ra- 
dents, birds, and frogs. In the northern States it fluents roc^ 
places, UBually in the vicinity of moderately thick timber, mars y 
glades or hollows. In the South it is found on liigher and drier ground 

MK«llaigrB.1. Potanp^. Cf tlM! Cpn«i Mlaewphed dntOUr WflTl. 

t!. fi. Ij*p. Byj. BLciL aoTT™ Fcbrvarjf 
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fVinn are the timber rattler and water moccasin, which seem to prefer 
the swamps. A ’*^ery large copperhead may be as much as 4 feet long. 
Baby copperheads, as well as the young of all other poisonous snakes, 
are venomous from the moment of birth. Although an adult copper¬ 
head secretes a relatively small amount of venom, a great many persons 
are bitten owing to the snake’s concealing coloration, which blends per¬ 
fectly with the ground covered with fallen leaves. A number of 
harmless snakes are similar in appearance to the copperhead and are 
often confused with it. Several species of watersnakes {Natnas) 
are characterized by brown markings on the back somewhat like the 
pattern of the copperhead. They are savage in disposition and the 
lacerating bite from the many short, solid teeth may lead to an infec¬ 
tion if not thoroughly disinfected. 

EttSTOBUTlON OF OUB PolSO^^OUS SHAKES 

The matter of distribution cannot be explained in a few words. 
Sometimes no poisonous snakes occur in what seem to be the most 
favorable localities. Again they will be found in some special habitat 
perhaps near a town or city where repeated attempts to exterminate 
them have been made. The more northerly the locality, the fewer 
the species as a rule. New Bngland, for instance, has but two species, 
the copperhead and the timber rattler, and the former does not go 
north of central Massachusetts. The massasauga is added in the 
upper Mississippi Valley. The canebrake rattler, the diamondback, 
and the pigmy (two subspecies) complete the number of rattlesnakes 
in the Southeast. 

Crossing the Mississippi, we find a much more numerous assem¬ 
blage. The western diamond, the red diamond, the Pacific, and the 
prairie are among the most formidable. The western massasauga and 
the western pigmy rattler, the Texas rock rattler, the tiger and the 
black-tailed rattler, the speckled and faded and Great Basin rattlers, 
and the Willard’s, Price’s, and green rock rattler, each with its own 
panicular distribution, occur through the west between Canada and 
and the Mexican border. One of the most peculiar, though not partic¬ 
ularly dangerous, is the little sidewinder, so called from its method of 
progressing through the sand. It has ^‘homs” on its head, as the scale 
above its eye is enlarged and bluntly pointed, although it is not stiff 
enough to cause any damage, nor is it known to be used in self-defense. 
To this list must be added two forms of the copperhead, and the water 
moccasin. Each of these snakes thus briefiy mentioned deserves a 
much fuller discussion than can be accorded in a paper of this size. 

The best advice in dealing with supposedly poisonous reptiles is to 
leave them alone if possible. It is not at all a wise policy to exter¬ 
minate every snake in sight, since many harmless snakes are of actual 
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economic value. The depredations of rats, mice, moles, and gophers 
are certainly controlled by the rodent-eating snakes, and such snakes 
even if poisonous should definitely be protected in any agricultural 
area. 

Tbx Giu Monsteb 

The final poisonous reptile under consideration is the Gila monster 
{Beloderma svspeotttm) or beaded lizard, occurring from the southern 
part of Utah and Nevada through Arizona into Sonora, Meadco. This 
and a related species in Mexico are the only known poisonous lizards. 
The GUa monster is heavily built and may grow to 2 feet in length, 
of which over one-third consists of the rounded tail. The entire 
animal is covered with coarse beadlike scales, salmon-red and black in 
color and forming a very beautiful blotched pattern. The head is 
blunt and massive, and the rather small legs seem inadequate to sup¬ 
port it. In the warm sun the lizard can become very active, however, 
and can move about with surprising agility. The clublike tail is a 
storage place for fat. When the lizard has been getting an abundance 
of food, the tail becomes swollen and heavy. In time of starvation, 
the tail shrinks decidedly, as the body of the lizard is nourished by 
the stored-up fat. The fci>d consists of eggs of birds and reptiles and 
also probably any small animal that it can pick up. For a long while 
its ability to poison was doubted. 

The first confinnation o( its poisonous nature seemed to be established by the 
discovery oi grooved teeth, about S-4 mm. long, Jour ou either branch of both 
maxilla and mandibular. • • • The mandibular appears somewhat swollen, 
owlug to the projection of Its disproportionately large, elongated submaxUlary 
glands, whose four separate ducts lead to the base of the above-described grooved 
teeth. • • • The arrangement of the teeth and of the glands makes us xmder* 
stand why opinions as to the poisonous nature of heloderma have differed so 
widely. When an animal seizes its victim only with the front teeth, or does not 
lie on its back while biting, none or very little of the buccal secretion may enter 
the wound. • • •' 

The Gila monster is known to turn over on its back when it is biting, 
and after it has once taken hold it chews on the wound. 

LATIN A31EBICA 

While most tropical countries are abundantly supplied with poison¬ 
ous snakes, it is a surprising fact that they are totally absent on nearly 
all the large and small islands that make up the West Indies. On 
Trinidad and Tobago, aUied faunistically as well as geographically to 
the mainland of South America, we find the bushmaster, a typically 
South American species, and the coral snake. On Martinique and St. 
Lucia as well as in Trinidad the fer-de-lance, a close relative of the 


T Dltman, B. L., The MptUe book, p. 170, IWT. 
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Bst«r} oecurfl. The mongooBe was bniught from India and 5 ntro- 
ducwi upon Martinique and Triiudad to kill snakes bat has proved to be 
a pcfit in many inatitiiceH where it tamed to Ujb tlcstmction of fowl 
and other aseful birds instead. 

Since many of the tropical poisonous snakes of this hemisphere range 
over both CJent ral and South America, these species will be considered 
first, with tho more important of the localized forms which are confined 
to a smaller area conaidcred at the end of due eection. 

Tme Coui^ ^]fAKEa 

Like Uieir relatives of the United States, tlie tropical coral snakra 
(genus ititirurut) are borrowing and secretive in their habits. Tlieir 
brilliant coloring of red and black bands makes them e:iHv to detect 
among the vegetation. Some non venomous enak^ mimic their color¬ 
ing clDsely. Their bright pattern, much alike in all the species, baa 
given them the common name of coral ilia in Mexico, and of gar- 
gantilla (necklace) in Central America. While they ore not ag- 
grisaivo if undisturbed, they will bite when stepped on or handled 
roughly. The larger kinds can inject a lethal dose of poison; the 
wearing of canvas l^gings and leather slioea provides adequate pro¬ 
tection against coral snake bite when traveling in “snake country,” as 
their fangs are not long. 

Two of the coiiirnoncst South American coral anakea arts Micrurm 
frmtalii^ found in southern Brazil to tJie Argentine, and jV/orwrue 
ietMi'U<xttU 9 i occurring in the Guianas and Brazil. While these may 
appear “gentle,” they will treocherously turn and bite if they are 
carelessly handled. A length of 4 feet is fairly common. 

TrOB PtT ‘Vntna 

The rattlcannkes. 

The rattlesnakes (genus Crotch) with whidi wo have become so 
familiar in tho United States have many dose rdntivea tn tlie lands 
to the south. The habits of these tropical rattlers arc much like those 
of the rattlesnakes of our own country. Some of the species are 
very roro, only three or four ever having been found by naturalists 
even after the most assiduous collecting. Some arc very small, and 
unable because of their short fanga to inject a lethal amount of poison. 
One of the larger kmde, Crolalua ^uriaeiM tirti^ctu (pi. 4, fig. 1), 
is the only member of the genus in South America, ranging from 
northern Veneeuela to sou (hern Brazil exi'ept for the wet valley of 
the Amazon. Its length is up to 7 foot. Tho venom haa a largely 
ncuiotozic action, in this respect hemg different from that of the 
northern •rattleonakea. It is more aggressive than most reptiles, 
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aince it deliberately giitlea forward toward the intruder. It carries 
its neck in an S-«liap«d lateral loop, in reodineas to strike. It does not 
alwaye use its rattle to give warning. MTiile it sonietimes coib, with 
its rattle buzzing steadily, more often it more warning Ibaji 

a few quick side ilings of the rattle, producing single harsh clicks. 
This is a sound well worthy of rcot^tion in the higher ground of 
the Tropics, as it may be immediately followed by the i^rpents 
stroke with no further warning. This serpent hoa many conraon 
names, the most frequently used being ofwcabel, although in differ¬ 
ent parts of Brazil it is called boidninga, maracaboia, and boiquira. 
It is not found south of Houlhem Brazil and tha Chaco region of 
the Argentine. 

The eantll. 

The eantll (A^fii^trod&n hUineaius) takes the place of onr water 
moctasiri from central Mexico to Central Amcrico. Tlia adult is 
black, with white qt yellow markLngs. The head is dark, wiA « rivid 
yellow stripe along the snout and another on the upper lip. It is 
semiuquatic m habit ami attains about the same size as the related 
copperhead— less dian 4 feet. Its poison is highly toxic; fortunately 
it does not seem to be abundant. 


Tht hdshiiLuter. 

The most feared of tropical American snakes ia the bushmo^er 
{Lachem nutfus, pi, 4, fig, 2), the giant among tho pit vipera, which 
attains a length of about 11 feet, although such large mdividuals are 
Tcry rare. It is also exceptionnl among the pit vipers because it lays 
eggs, all the others bearing Iha young alive. It is aggressive in charoo- 
ter, and while the vibrating of its tail on the ground when the snake 
is uneatiy makes a loud buzzing sound somewhat like that pruduc^ 
by the warning rattle of the rattlesnake, the bushmaster holds its 
ground and usually comes near to the intruder. Its teeth inject a 
large cpiantity of venom, and by their length (1% inebee in a snake 11 
feat 4 inches long) they can penetrate very deeply through covtwii^ 
that would randet the striking of an ordinary-sized snake practical y 
harmless. The body is yellowii or reddish brown witli a senes of 
dark blotchee, wide on the buck and narrow on the sidts—u pattern 
that blends in very well with the surroiniding vegeUtion, It* «hin m 
very roudn It ie bmg and slender, hence well able to travel tlirougb 
underbrush, and its lance-shaped head gives it an extremely eini^r 
appearance. It is found from Nieamgua through southero Central 
America and South America, also in Tntiidud, It m called 
and inaiHipire in wme places where it uceurs. It Lives in damp ore s 
in holes txlAde by other 
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The fer-de-Iance or barba amarilla. 

The fer-de-Iance {Bothropa airox^ pi. 6, fig. 1) is another tropical 
snake which it is well to avoid, as the effects of the poison are said to be 

dramatically slaister and rapid, the action being largely haemolytic, destroying the 
red blood cells, breaking down the walls of the carrying Tessela, and producing 
great extravasation. * • • The tissue about the wound is practically dis¬ 
solved by rapid necrosis. These effects are, however, effectively neutralized 
by serum produced by the several research laboratories in the tropics.' 

Its length may he over 8 feet. The ground color is variable, from 
gray to brown or reddish, with a row of dark, light-edged triangles 
down each side, the tips of the triangles reaching the center of the back. 
Its body is relatively slender, setting off the lance-shaped head. Since 
it is not uncommon for a female fer-de-lance to produce 60 to 70 young 
ones in a litter, the abundance of this species is readily understood. 
The range extends from southern Mexico through Central America 
and northern South America, including the islands of Martinique 
and St. Lucia in the West Indies. Some of its other native names are 
jararaca, terciopelo (=velvet snake, CostaBica), and tomigoff (Pana¬ 
ma). It is especially dangerous to laborers on sugar plantations, as 
it is attracted there in numbers by the rats which make their homes 
in such places. 

The palm vipers. 

These small snakes (genus Bothrops “) are arboreal in habit, being 
found in the low trees or bushes (pi. 5, fig. 2), sometimes coiled up 
where the base of a palm stem joins the trunk. Their prehensile tail 
helps them to cross from tree to tree when the branches nearly touch. 
Men pushing their way through thick underbrush should be careful to 
avoid being bitten in the face by these vipers. The green palm 
viper {B. hieolor) is leaf green above and below, and hence is nearly 
invisible among green foliage. Other species have green, brown, and 
yellow in the coloring, suited to concealment among branches and 
leaves. A few of the species have “eyelashes”—hornlike projections 
of the scales above the eye, of no known use to the snake. "Diey are 
found in Mexico and Central and South America. Because of their 
often greenish or yellowish coloration and their habit of living in 
banana trees, these snakes, especially Schlegel’s palm viper (B. 

are extremely dangerous to laborers on banana plantations. 
Although these snakes are only 2 feet in length, their proportionately 
large head and long fangs enable them to do more harm tlian their size 
would indicate, and fatalities have resulted from their bites. 

■ Ditmmri, S. L,, Snalte* of the world, p. 1S4,1034* 

rrtmereiufwt iMtead of Bothrop, for tKe bolk 
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The jumping viper. 

Most poisonous snakes in striking keep the tail and posterior part of 
the body on the ground for leverage, but the jumping viper {Bothrofs 
nwmmifer) is able to slide and strike in a way that carries its body 2 
feet forward. From a slight elevation it is able to jump for a yard. 
Since its length is somewhat less than a yard, it has several times the 
striking range of most pit vipers. Its body is stout, its head propor¬ 
tionately large, and its skin so rough that one is reminded of that of the 
bushmaster. The fangs are short, and the venom is of lower toxicity 
than in other species of Bothrops^ so that this snake is not so greatly to 
be feared as are most of its relatives. It ranges through most of Cen¬ 
tral America into Mexico. Its native names are timba and mano de 
piedra, the latter coming from its supposed resemblance to the native 
implement used for grinding com. 

The hog-nosed vipers. 

These three small terrestrial vipers [Bofhrofs nasuta, B, lafishergU^ 

5. ophryomegas) may be recognised by their upturned snouts (pi. 

6, fig. 1). They live in Central America and southern Mexico, with 
two species extending into northern South America. Their native 
names are chatilla or tamag&. Some of these savage little vipers strike 
with such force that they slide a few inches on smooth level ground 
and sometimes jump forward several inches, although this habit is 
not so characteristic of them as it is of the true jumping viper 
{Bothrops nummifer) mentioned above. They grow to about 2 fpet 
in length. 

Other pit vipers. 

Maximilian’s viper (Bothfops neuwtediA) of Brazil is of the fer-de- 
lance type and might be mistaken for that species. But it is usually 
smaller, and details of the triangular brown markings are different. 
Its native names are jararaca and urutu. It ranges into northern 
Argentina and Paraguay. The name jararaca is also applied to other 
closely related kinds of poisonous snakes. 

One of the most poisonous of all the pit vipers is the island ^per 
{B. irmdam ), which is confined to a smaU rocky island barely three- 
quarters of a mile in extent lying 40 miles southwest of the Bay o 
Santos, Brazil. Since there is little else on the rock for sn^es to eat 
except the small birds that nest there, this snake’s highly toxic bite evi¬ 
dently insures the death of the bird before it has been able to flutter far 

enough to fall into the sea and so be lost. 

While most people do not associate beauty with a poisonous serpent, 
B, dltematwi, commonly caUed urutu, has one of the handsomest pat¬ 
terns of all the pit vipers-a series of dark brown crescentic marks on 
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each aide, on a pale cream ground color. It grows to 5 feet in length, 
with a thick, heavy body. It occurs in southern Brazil, Paraguay, 
Uruguay, and the Argentine. 

The value of using scientific rather than common names for species 
is well illustrated by my attempt to give the Indian names for some of 
the foregoing snakes. The word jararaca is used for several different 
kinds of pit vipers. The same is true of urutu. Likewise it will be 
seen that the name copperhead is used for an Australian snake of a 
different family from that of the copperhead found in the United 
States. 

The Ee^b-faitged Snaxes 

Someof theopisthoglyph (=back-fanged) snakes {0^1}eli8yP^€udo- 
hoa) have taken to an arboreal existence. These are less dan¬ 
gerous to man because of the small amount of poison, its relative 
mildness, and the fact that the teeth placed in the rear of the mouth 
do not always make good contact with a victim’s flesh. Most of 
these snakes are slender and whiplike in body, with elongate heads 
and large eyes. Some are green, others grayish or brown in color. 
The green whip snake, OoryheUs fulgidm^ is light green with a lemon- 
yellow stripe on the sides. When frightened, it stiffens its neck and 
slowly waves its head from side to side to imitate a stem blown by 
a breeze. Its food consists of lizards, which are very susceptible to 
its poison. 

The mussurana {Chlm eleliaj pL 6, fig. 2) is a large, heavy-bodied, 
terrestrial serpent which uses its constricting powers as well as its 
poison to subdue its prey. Its chief food consists of other snakes, 
among them being the deadly fer-de-lance—^not deadly at all 
to the mussurana, which is unaffected by the poison or the injuries 
of the fangs. Unfortunately, the mussurana is rather rare through¬ 
out its rather wide range—Guatemala through Brazil. Most of the 
natives know of its snake-eating habits, and so it is seldom killed, 
Brazilian specimens are blue-black all over, while Central American 
ones are white beneath. Young ones are ^id to be coral red. 

The Yellow-bellied Sea Snake 

Only one species of sea snake {Pelamydrm platums^ fig. 2) has 
crossed the Pacific Ocean from its native home off the coast of Asia. 
This snake is compressed, with very small scales and no enlarged 
plates across the ventral region. Its back and upper sides are rich 
brown to black, sharply set off from the bright yellow ventral colora¬ 
tion. Its tail is compressed and rounded at the tip like a paddle and 
acts as a rudder. While this species seldom exceeds 3 feet in length, 
some of the other species (to be discussed in the section on Asia) 
are more than twice as long. Fatalities from its bite have been re- 
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ported, but as a role sea snakes are disinclined to bite, although some 
are equipped with very deadly poison, and are said never to attack 
bathers. Their food consists of fish and other small marine or¬ 
ganisms. They are now established along the west coast of Central 
America, especially in the Gulf of Panama. 

The Mexican Beaded Lieabd 

The Mexican beaded lizard {Beloderma horridmn.^ pi. 7) is the 
only other known species of poisonous lizard in the world, besides its 
relative, the Gila monster. It occurs from the central part of Merico 
to the northern part of Central America. Its habits are very sunilai; 



FiouBi] 2. —The yellow-bellied sea snaie {Felamydrua platwrus). entirely aRuatlc, 
and having a compressed, rudderlike talL 


to those of its northern relative, but it is a little larger, being known 
to reach 30 inches in length, and its tail is proportionately longer. 
Its head is usually black, and its beadlike scales are colored with ir¬ 
regular patches of black and yellow. The very 
vivid yellow stripes with bands of yellow on the tail. With age t s 
regular pattern disappears, and some specimens turn nearly black or 
dark brown. The bite results in the same poisoning symptoms 
that of the Gila monster. 

POISONOUS REPTILES OP THE OLD WORLD 

Th« toily Vip.rid^ (t™ vipe^) 

World fanna as are the rattlesnakes of the ew ^ lottlesnake be- 
sentatives of the Crotalidae, the family to which the rattlesnake 

56670^—44-20 
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longs, are found in southeastern Asia and the East Indies, however-^® 
These are pit vipers, and differ from the true vipers Tvhich are likewise 
found in those regions by the possession of a complex pit on the side 
of the head between eye and nostriL Both these families differ from 
the following ones in having a head distinctly set off from the body by 
the swelling at the base of the jaws due to the poison glands, which are 
much smaller in the Elapidae and Hydrophidae, 

The family Elapidae, represented in the New World by the coral 
snakes, contains some of the most widespread and dangerous of Old 
World snakes—the cobras, Australia has about 80 kinds, while Africa 
and southern Asia boast of numerous species also, Elapidae have the 
head and body nearly continuous in outline, with no distinctly marked 
in most cases, in this respect resembling the harmless colubrine 

snakes. 

The Hydrophidae (sea snakes) are found near the coasts of southern 
Asia and northern Australia. Most of them hug the shore and dislike 
to swim far away from land. One kind has successfully crossed the 
Pacific and established itself on the west coast of Central America, as 
stated above, and this same species has likewise crossed the Indian 
Ocean to the eastern shores of Africa. 

Some rear-fanged snakes of the family Colubridae occur in Asia, but 
as their bites are not deadly to human beings, they will not be dis¬ 
cussed here. Some of the African species are potentially very dan¬ 
gerous to man, however. 

While no poisonous lizards are positively known from the Old 
World, an exceedingly rare lizard from Borneo possibly related to the 
Gila monster has been assumed to be poisonous. As yet no proof of 
this has been put f orward, 


EUROPE AND NORTHERN ASIA 

The true vipers {family Viperidae) are the only poisonous snakes 
to be found in Europe and northern Asia.^ Some of their character¬ 
istics are a vertical pupil, relatively small size, and a zigzag dark 
stripe down the middle of the hack more or less pronounced in Euro¬ 
pean species. These vipers fall naturally in groups of closely allied 
species which have much in common. 


The common viper and its allies. 

This snake {Jvpera hems, pi. 8,6g. 1), called northern viper or adder 
in part of its range, is the only poisonous species inhabiting the British 
Isles, where it is found in Scotland, Wales, and England, but not in 
Ireland. It likewise ranges over northern Europe at least to the 67th 


»One .pedes, AgkUirodon haJyi, Jost rescbes lots eastern Europe near the Coaolan Sea 
the pit dper ^ptiatwlon fcolva, a predomlnanOy AaJattc epeeJes which eiteuda 
westward to the Saltan Murat Desert and the IndusU hllla near the Replan Sea. 
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degree in Scandinavia and across northern Asia to the Amur Kiver and 
Saklialin Island, Southward it extends to the Pyreneesj Apenninesj 
and the Balkans, Two distinct forms occur in different paits of Yugo¬ 
slavia, while another lives in northwestern Spain and Portugal, It 
prefers a cool climate, but in the north selects bills well exposed to the 
sun on which to bask, although it is partially nocturnal also. It eats 
any small living creatures of suitable size—^mice, birds, lizards, frogs, 
salamanders, and slugs, while the very young ones feed on insects and 
worms. The young are bom alive in August or September, and num¬ 
ber from 5 to 20 in a litter- Many fatalities from bites have been 
recorded, especially in France and Germany, Exceptional specimens 
are nearly 3 feet long, although 2 feet is the more usual length. 


Orsini'g and Renard's vipers- 

Orsini’s viper (F, uTsinii^ pL 8, fig, 2), rather similar to the com¬ 
mon viper in appearance, is found in southern France, northern Italy, 
Hungary, and parts of Yugoslavia, It is not found with the common 
viper in any part of its habitat- It grows to a maximum size of 2 
feet- Its disposition is much less aggressive than that of the common 
viper, and in some places it is said not to make nse of ita poison appa¬ 
ratus since ^ feeds entirely on grasshoppers, Renard’s viper (F- 
veTtardi) is closely related, except that its snout is much more pointed. 
Its length does not exceed 2 feet- It is found in the Crimea and parts 
of eastern Russia, extending far into Central Asia- Its food consists 
of small mammals and lizards. 


The asp, Lataste's, and the long-nosed vipers. 

These three European vipers can be recognized by their “tumed-up 
noses,” that is, the tip of the snout is distinctly above the level of the 
top of the head. The asp viper (F. mpis) is found in southern France, 
the Pyrenees and Apennines, and Yugoslavia. It likra hot, dry locali¬ 
ties, and lives in holes in rocks or in the earth. It is both nocturnal 
and diurnal, with food habits similar to those of the common asp. Its 
disposition is savage, and many accidents, some of them fatal, are 
caused yearly in southern France where it is very abundant. A rab- 
species occurs in Sicily and Calabria (southern Italy). ^ 
viper (F, laiaati) prefers stony, arid, and forested regions m Spam 
and Portugal, also in Morocco and Algeria. It is not known to ex¬ 
ceed a length of 2 feet. It climbs low trees in search of young birds. 
Its bite is supposed to be less dangerous than that of the asp viper 
and rarely causes the death of human beings or domestic ammals. 
Its nose is likewise somewhat “turned up.” In the sand viper or long- 
nosed viper (F. ammodyt&t) the snout appendage 
dent, giving it one of its common names. It ^asioimlly^ 

a length of 3 feet. It has numerous geographical varieties. Thetypi- 
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cal form ia found in Austria and the Balkan states. It likes dry, 
stony hills with low bushes, which it frequently cUmte. Its poison is 
stated to be more active than that of other European vipers, so that 
fatal accidents to man are frequent. It is extremely abundant in some 
parts of Austria and is said to be the commonest of all snakes in Bos- 
nia and Herzegovina. A closely related form {Vif era ammodytee 
meridionalia) takes the place of the typical form in Greece and 
European Turkey. 

The blunt-nosed viper and its allies. 

The blunt-nosed viper (F. lebetima lehetina), also called kufi, is 
found on the island of Cyprus and in Europe on Melos (one of the 
Cyclades Islands), and has an extensive range in Asia and Africa. 
Some poorly defined varieties occur, among them a form called asaft- 
tkina from Asia Minor and others named mauritanica and deserti from 
Morocco, Algeria, and Libya. Large examples are or 5 feet long. 
They live in rocky regions and are nocturnal in habit. 

INDIA, CHINA, JAPAN, AND MALAYA 

This region is very well provided with poisonous snakes. Represent¬ 
atives of the Viperidae (true vipers), Crotalidae (pit vipers), Elapi- 
dae (cobras and kraits), Hydrophidae (sea snakes) and Colubridae 
(colubrine snakes) are found here, comprising examples of all existing 
families containing dangerous poisonous snakes. The most spectac¬ 
ular are the cobras, although the daboia (or Russell’s viper) is one 
of the commonest and deadliest snakes of India. 

The Vipebs 

Although the total number of species known from Asia is not large, 
this family (Viperidae) represents some of the most dangerous of all 
poisonous snakes. 

The daboia, tic-polonga, or Russell’s viper. 

This beautiful serpent (F. rusaeUii, pi. 9, fig. 1), more than 6 feet 
in length at its maximum, is pale brown with 3 longitudinal series 
of yellow-bordered black rings enclosing spots of chocolate brown. A 
very loud warning hiss is given when the snake is disturbed. It will not 
strike until considerably irritated. The venom is secreted in large 
quantities. The snake is found nearly everywhere except in dense 
jungle, preferring open, sunny regions. It is nocturnal in habit and 
feeds by choice upon rats and other small mammals. It is found in 
India, Ceylon, Burma, Siam, the Malay Peninsula, and southern Yun¬ 
nan in China. The period of gestation is more than 6 months, the lit¬ 
ter of about 30 young being bom usuaUy in June and July; they are 
less than a foot long. 
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Tli« carpet or sur-acaled riper. 

T his little snake {Echueorinatoe) burraws in theaand to hidc,benw 
prefers sandy plams throughout its reuEe through Syria and Peraia 
into India. Its common name, “saw-scaled ” is given by reason of the 
fine, Bawl ike “teeth" dotm the center of the lateral scales. It rt-achos 
a length of S feet, but in spite of its small sire it is very fierce end 
aggressive. 

A related species, E. coloTat^tf^ ia known from Arabia and Palestine, 

Another small viiMr of a different genus (As^mfops /roc) grow's to a 
length of 2 feet. It Is n.Ttre«ieiy rate, only about four specimens ever 
having been collected in Upper Burma and in southern China (Szech¬ 
wan and Kitmgd). It re^mbles a harmless colubnne snake in ap¬ 
pearance, being hladtish above with 15 narrow transverse white bands. 
Nothitig is known about its venom. 


ttBX Fit TlrZBB 

Asiatic membera of this family (Crotalidae) used to be considered oa 
part of the family Viperidac, A more correct eBtimaie of their die- 
tinctness is obtained by putting them into tJie family of which the 
New World rattlesnako is the repreaeatative, The Old World cro- 
tel ids, however, do not have any rattle. The following belongs to the 
same genus as do the copperhead and moccasin described under North 
American poisonous snakes. 


The mamoihi mud itt relutltefla 

This snake {Agidatrodon Uomhoi^i) is restricted to the Japanese 
islands, although close allies are found on the Aaladc mainland. Aver- 
age spedmena are about 20 inches long. The pattern conaiata of a 
series of dark brown rhomboid blotches on each aide near the center of 
the back, separated by a pale groyiBb hand which lightens nearly to 
white neit to the dark blotches. Some spedmens are much darker. 

One of the most poisonoua species of the gjenus is jd. rhodosttma^ 
found in Malaya. Its pattern is very striking^-angular, dark brown, 
black-edged markings on a reddish-brown hnek^und. The snout 
is pointed, and as the posterior part of tho head is widened, the ser¬ 
pent haa a very sinister “lanco hcttd.’^ 

Soma of the other species are very abundant. Agkvt^doiv 
and its relatives ate the commonest poisonous snakes in Chma and the 
Himalayan region west almost to eouthcaetern Europe- 


Ik^mboo Kiukct ind th*tr ^JUei. 

Some of the Asiatic members of the genua Tnm^re^ clo«ly 
correspond to the pahn vipere of tropic^ Amwict They 
arbore^ species with preheudle taUa and gre^ toloration, such ^ 
yrwnoftjfuru* ^omtuciw, the bamboo riper, and its a ives. 
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species of Trim^remrus Are terre^Lrial^ ^nd these are also like Boihr&p$ 
cjf 1 lie American Tropics, The head ia always broad and distinct from 
the neek^ 'n^hile Uie botly is not very stout in this geims^ Tim aHnirfeol 
apfccies are particularJy slender, lli* fan^ are proportionately very 
long, and the bites are dan^rousi although the reitom is not quite so 
toxic as that of some of tlie trus vi|>eni. The habn [I^riTTtercaur^ 
fiav&viTTdiH) grows to a length of 5 feet in the Riu Kiu Islands^ and itfi 
bite is considered to be very 


ConaAg ij-p KsAita 

The^ snakes (family Ekpidae) are slender in bnild^ with the head 
s^carcely enlarged. Some gp«t:ifts of cobras have more or less expansible 
**hoofia^ ijdiiod the hcad^ produced by moving Uia ribs forward iimde 
t he loose skin. 

[ndlaa &r specfaded 

This snake {Naja naja, pi. 9, fig, 2) is probably the best known of 
oiLj of tha poisonous snakes of Asia, as it Uhes mora lives oik! is more 
feared than tlie otliers. It grows to be about G feet long, and is jellow- 
iidi Or dark brown in color, vrith ti more or lesss spectade-xhiiped black 
and white marking cm the raised hood. Ocoa«loiiaUj the ho^ has no 
piitlmii, sometimes there is a single spot. Hio cobra is nervous and 
CJEcitable, Bfirraiding the hood and artdiing the neck when disturbed. 
It strikes with a forward sweep of its raised body, accompanied by a 
sharp lilis. This striking is not ncAriy bo rjuick as the darting of a 
vjpar's head, which strikes laterally from tlie bent neck. T|ib cobra 
becomes irrilablB, sometuncs gliding forward to attack its enemy, but 
there is no ddiberate rush, and the snake cam Iw held off with a light 
stick. When it bites, it retaina its hold Just as the coral snake does, 
tduce Lbs fangs aie relatively short, ond a larg«r amount of poison can 
enter the wound with th e longer contact. The cobra feeds on rats, mice, 
and frofp! by choice, and often takes up its residence in the dark corners 
of a native hut in order to prey upon the rodents attracted to human 
habitations. This snako ia acwuntablo for more deaths from snake 
bit^ thiin any other species. It is impossibia bj stat^ ajccuratgly just 
how many I^pla in India die each year from its bite. Owing to the 
j^tivB3 habit of going bAra-Ieggad^ eepecially at night, fatal aeddente 
from cobra bit« ana mmeecsaarily numemiis. On plantations vvliera 
th^i ti™ are mada to Lake prccautinns, and where serum ik available^ 
fatahties havo gnjatly decreased. The Indian oohr» and its verv 
dosdy all,^ ^^edto occur from (be eaateii, ahores of the Caspian 

*5 ““ Ardupd.g,, 

Som cohM of tliis opoeiK h,,, u» , 

m(ru<to. On, from J.„ „„ In q^poinon in . ,p„y 
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from Ilje partly op^ed mouth for a diStaoce of 2 feet. Cobnia Elmt 
spit hare likewise been reported from the Philippines! the Mcdny 
Penin^lHi Eurma^ and Ceylon. There seenm to be no report Iroiii 
China or main]and India west of Bengal of a cobra spitting. 

The king cobra or hamndr^ntL 

The king cobra (Naja han^uoA^ pL fig. I)»largest of all poisonous 
snakesi has been autlieiilically reiJorted ae reaching a length of IS 
feet 4 inches. WliiJo its anterior ribs aro elougatcdf it cannot spread 
a hood nearly so wide proixirtionately as that of its smaDer relatiTe. 
It feeds ahiiuMt cxduaively upon other »aakes and probably rantu firet 
as a wholesale destroyer of snakes^ taking krnits and smaller cobras 
along with the harrnl^ speelee- It <iccui:^ in eastern India, China^ 
and the Philippines, as well as the ^lalay Archipelago. It is diurnal 
and lives in dense Jungles near st reiune! RtmioLiines tlimbing treen. It 
IS gaid to be fearless and may attack human beings when disturbed. 
It lays from 21 to 33 on a pile of leaves, and these i'ggs are 
guHixkd by the female. In captivity it displays an intelligence very 
unusual in snakes by learning^ after a very few days, not to st rike Us 
head against the glass of Its cage- The color is olive or yellowish 
brown, often with black rings on the body. 

The kroiti. 

The comtiHJii krait {Bungarm cmdidu$) grow's to a maximum 
length of 4 feet. It is lustrous bli«;k or hrowii ubuve^ with imrrovir 
white bands across the back j below it is pearly white. It Lb one cl 
the mmt numerous snakes where it occurs and likes to livs nenr 
human dwellings, also in fields or low sicrnbby jungle near water. Its 
food consists alnuiat entirely^of other snakes, occasionally frogs, 
lizards, and am all mammals^ It is one of the nmst inoffeusivo of 
snakes, hiding its head heneatb tlie coils of its body and refusing to 
move when Idke the cobra, it lays eggn, 6 to 10 m a dutch, 

usually in soft earth. EiperimanU abow tlmt its poison is four to 
five tunes aa vindexit os that of the cobra. It has a wide diwitnhutiou 
throughout India and the Malay Arcbipclugo to PoraioSfl and south- 
eastcni China. Members of this genus can be recogiiiv^d by their 
ridged backbonci on wliieh there is a row of widoned, enlarged sctilea 
They are noctumiil in habit. 

The Iifliuled krait {Bungftm^ pb 10, fig^ 2) prefers jungle 

districts. It is ringcil with yellow and black bands It is even more 
sluggish tban the common krait. In India the Imtided krait is re- 
atritrted to the northeast, occurring no farther south than the etate 
of Hyderabad. Thf^ common krait is found throughuut peninsular 
India and ib Lha only one south of the Ganges Biujin. Their ranges 
overlap ill Siam, Burma, the Moky Peninsula! Java and Sumatra. 
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Tm Su S:fAxEH 

The sea snakes (family Hydrephidae) live in the tropical parts of 
the Pacific and Indian Oceans. Tliey occur along tlie coast of Asia 
from the Gulf of Persia to soulherii Japan, among the islands of 
Oceania, and to the coast of tropical Australia. All the species but 
one stay dose to the filiallow waters near the coast, especially near river 
mouths. Thuy feed entirely upon fish. Those sea snakes with the 
smallest iienda and slenderest bodies linait thdr diet to eels. Some¬ 
times on a calm day they arc to be seen, often in hundreds, basking 
upon the surface of the water. Their structure is well adapted to an 
aquatic existence, since the tail has become compressed and rudder¬ 
like, while the ventral plates are much reduced in most of the species, 
appearing like the rest of the small scales covering the body. The 
poison of at ]«aaL one of the species is known to be more deadly than 
that of the Indian oobm, while some are said to bo only dightly poison¬ 
ous. They are not inoliued to bite except when forcibly restrained and 
are said never to attack bathers in the water. Pishermen are sometimes 
bitten when they lisul in a sea snake along with their net of fish, and 
somatimcB falaliLies result, becaui^ these fishermen do not think of 
seeking trainod triedical assistance. All sea onakos bear their young 
alive, 2 to 18 at a Uma, In tide pools and sliallow flats of deserted 
shores. Few sea snalcea exceed 4 feet in length, although examples 
of two species have been found measuring nearly 9 feet. 

AVaiCA 

The Dark Continent has nearly a& great an array of poisonous 
aerpenta as is found in Asia. While tne king cobra of southern Asia 
cluima the recurd of being the world’s largest poisonous sqpke, Africa 
bus the distinction of having produced 2 kinds of spitting snakes— 
both cobras™which blow their venom into the face of the attacker 
from a distance up to 12 feet, Africa is the home of about SO kinds 
of tnie vijaics also, some of them very peculiar. 

Since sea snakes do not occur in Atlantic watets, it Is only on the 
east coast of Africa that we find an occasional example of the some 
far-traveling species that occurs on the western coast of Centrol 
Americo. 

No pit vipers occur in Africa. The remaining family conUining 
dangerous poisonous snakes is the Colubridac, of which one section, 
the rfsar-fouged Bnakea, is represented in Africa by the boomalang and 
s number of other snakes having pokons of varying degrees of toxicity, 

No poisonous snakes are found on the island of Aradagasear- 
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Thr ViFm 

The nijtht wider er Cape Tjper, 

As its name indicates, this snake rA<wtijw^tfs, pi, 11, fig. 1) 

emerge at night to hunt for rats, mice, and toads. It is rather in¬ 
offensive, and unless hurt or frightened, it does not attempt to bite. 
It grows to be about 3 feet long. It is yellowish or gray in color, with 
a eham of dork, light-edged spots along the back, and smaller on^ 
on eadi side. There is * dark chevron at the hack of Ibe head. The 
snake hides in rubbish heaps, rock piles, or shallow holes when not 
hunting, 1(. frequently enters farm houses in its search for rodents. 
It is TCty common around Nairobi and axtends from tho Nile OTCr 
the greater part of South Africa. The poison is not so highly tosio 
as in many of the other vipers. A peculiar anatomical feature is the 
extension of the poison glands into tho neck to GCTorol inches behind 
the head. Another ioterestlng peculiarity is that this snake and others 
of this genus lay eggs, while most of the other vipers ore viTiparous. 

The pulT adder. 

This snake {Biiif srietans^ pi. 11, fig. 2) is one of the iiinst widely 
distribute^l in AJrica, being found all the way from southern Morocco 
and the southern Sabara to the Caiie of GooiJ Hope, as w'ell as in 
Arabia. It likes gra^and^ rocky regions, or light for^ta, especially 
near streams, but la not found in heavy forests or at very high alti¬ 
tudes. It grows to a length of 5 feet and is massive and bloated m 
appearance. The head b flat, and the nostril b are on top of the snout. 
The skin is deep golden yKllow to orange brown, with regular chevron- 
sha|)ed brown or black bars pointing backward, with a large dark 
blotch, edged with light yellow on the crowui uf the head. It often 
lives around houses in order to feed on the rats and mice. When dis¬ 
turbed, it suddenly hisses by eihaling its breath. It is not aggressive, 
but when danger threatens it can strike with lightning speed. It 
is extremely prolific, a female Joying up to 72 eggs at a time. Some¬ 
times the young arc born before the egg is laid; more usually hatching 
occurs immediately after the fully lieveloped egg is deposited. The 
bite is extremely dangerous, as the great length of the fan^ causes 
the vooom to be injected deeply into the tiSHUu. This venom is highly 
active neurotoiically as well as haemotoiically, and because of the 
snake's sise a very large quantity con be injected at a bite. Cattle 
when gracing often get struck, and in the absence of an injection of 
the proper serum rapidly succumb. Another closely related snoke, 
the Cape puff added {B. inomai<i), is lestrietcd to South Africa. 

The rhhnecienie viper. 

With a pair of horns jutting from its nose, its swollen, wicked¬ 
looking head, and its stout, ponderous body cov^ed with roq*, purple, 
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blue, yellaWj or crjlo!rs—brijjht^t &fL$r thfl pkifi bi fibed—tbe 

rbinod^roa ^ip^r {BittA naAk&mis, pL 12, 6g. 1) ia a most astonishing 
creature. One would espeot that tbeae bright hues would make iJie 
Buako very conspicuouHj but an the contrary they render the serpent 
almost iuTiribie in the swampy regions near gtreams, especiaUy wheu 
ha rough scales are caked vh'iLh mud. Another coTumou uauie^ tlie 
river jaekf is deriTcd from its partially aquade habits. It does not 
sseam to grow longer than 4 feeU It is peculiarly placid and inof- 
fend VO in dispodtion and is said to be most reluctant to bite, although 
the venom may be even more toxic than that of the following species^. 
Its food habits are not known, although presumably from its aquatic 
liabita it may add frogs^ toads^ and eveu finlien lo the usual viperine 
diet of rodents. It ia practically confined to the min forest^ Inclu ding 
Liberia^ the Gold Coast, Togo^ Xigerhi^ Cameroon^ Portugue^ Guinea, 
Belgian Congo, Uganda, and part of Kenya Colony. 

The Gabcwli vipirr, 

Tbi.q malevoient-Iookmg serpent (BitiA pi. 12, fig. 2) is 

very highly poisonous, and its prey is klLled almost instantly by 
mjec^tiDU^ driven deeply with the long fangs. Its venom is partic¬ 
ularly deadly as far as mankind ie concerned, for it couLaliUf briili 
the normal viperine haemotoric elementa and pcwcrftil neurotoxio 
propertiesL It lives in lieavy forests in West Africa, It is known 
to Tcach ft length of 5 feet 8 inches, tlus fangs of such li monster meas¬ 
uring nearly 2 jnebas, and the body nearly 15 inches around. It is not 
usually aggressive and has the habit of deflating its body in a loud 
bisa. It feeds upon small mammals and birds, toads and frogM. There 
is ft series of oblong bu9 markings on the h 2 u:k, surrounded by rich 
brown and purplish spots; the sides have irregular brown or purple 
spots, the points directed upward. Tim ground color of the akin is 
pinkish brown. The ayes am silvery. Sometimea there is a blunt or 
forked bom on the nose. 

The homMi adders. 

Two of tJjBse amall enakea (Bitia comuta and B. eaud<i2it) have one 
or mote hornlike soaks over the eye, henc» their common TlaIne^ 
They are no more than 1^^ feet in length but aie extremely donger- 
ous in spite of their small size, owing to their habit of burying tbem- 
sclves in the sand with only the head nboTe, where they lie for hours 
wateliing for liasrtk mid other small creatures on which they feofl 
They bite instanUy at the hare feet of any native who may coma 
near them, for they are practically Invisible os they lie hitJdem They 
occur only in the sandy areaa of the southern part of Africa 

The adder (5, at^pos) as its name indicates, lives utwin the 
motrntam langns throughout iJie whole of South A fries It devours 
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and tlie young of ground-n^mg birdsj as weU as insect larvae, 
and mice and mta. It Ls higlil j vetiomiius. 

Hie sand yjpcrv. 

The Sahara Desert harbora two speciea of sand vipers {AapM cotTinda^ 
A. mpera^ pL fig. 1) admirably adapted for ]ifo in dry desert sand. 
Tlie rihft are capably of liatLyiiing the bod}', and there is a muecular 
amiiigement that pormita the snake to use the sharp edges of its 
flattened body to Hliovel mid over its back by a sort of wavy motion 
that permite the body of the snake to sink quickly below the aurface, 
wliere it lies with the top of its head protruding. The eyes ary alxave 
the gp.nflml level of the top of the head, and are the same color as the 
sand, so the snake cannot readily be seen. cd^rnuta baa a .sinaHi 

sharp epine over each eye, which is lacking in A* While thc^e 

two species resemble the horned fiddera of South Africa In ImbitR, their 
rarigiB nre widely separated, and there arc several ^ructural features 
to distinguish them- 

The carpet viper (EchiA eari;7^tus}^ Uving in sandy regions of 
Africa north of the Equator likewise occurs in Arabia, Persia, and 
India, as mentioned above (&ce p. 297), unlike most other poisonous 
snakea of Africa, which are confined to their own continent. It some¬ 
times burrows to hide but is not confined to arid plains, sinoe it b found 
on grassy, sandy plains or even in sandy forest land. It h lass than h 
yard in kngtli, marked with square brown spots on a cream or i^eddiidi 
ground color. It is nocturnal by habit and iargely insectivorous. 

Tnx QioEJJt AND Tnon Aujim 

Escept for Australia, there are more different members of this family 
(Elapidne) in Africa than in any other part of the world. They are 
terrestrial, aquatic, or arboreal, and some kind is found in almost every 
region of Africa except the snow-dad mountain tops and sterile des¬ 
erts. The traveler has to fear not only the biting at close range but 
the “spitting' of venom from a short distance by some species. These 
will be considered firsts 

The Hnfrhala ar tplUliiE Anoke. 

Tills siioke {ffuenm^haita haetiiachal^^ pL 13, fig* S) differs from 
other cobro^s in having keeled scales^ so that the skin is not so shiny 
and aleck as that of its relatives. Tt ]r the smallest of the cobras*, 
avemging about 4 feet in lengthy It m black with irregular cross bars 
of broivn above, and the throat often has one or two white or yellow¬ 
ish bands, hence its Dutch name of ringhals {ring neck). The 
ringhals is Hggresdve wliiin disturbed and will advance on a man or 
even pua^ua him for a considerable distance. The danger from this 
snake comes when people stoop towaixl the ground or rock pile where 
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ail alert rloghab may be lyingi as the veniorn is ejected in two streams 
from the faccompanied by tlie e^iibion of air from the liingH? 
so that li is sprayed in a fine ^ower for several feet. The entrj^ of 
venom into the eyes caoses intense pajn, followed by inflammation 
and partial or tubil bliiidn^. The eyes should be promptly and 
elficiently treated by washing at onoe with water and boric aoid. The 
poison is not harmful when it falls on the unbroken sldn. Eye^ 
glasses or goggles afford adequate protection to the eyes against the 
spray of venom. Owing to its small wize, the ringhals can throw its 
'venom only about 6 fecL The bite of the ringhals is ob deadly in 
proportion to its small size as tlmt of any other cobra. Unlike most 
cobraOj this snake prtiduces its young alive* in litters of from 24 to 
60. It is common throughout South Africa^ 

The spLltiriff or hltck-nccted cobra. 

The black-necked cobra {Naja nigrkoUU) also sprays its venom. 
liUrger in sizei it is even nrnre forniklabla than the ringhals. It han 
B much wider range than the ringhals, being found from upper 
Egypt to Angola and the Transvaal, and b v^iy commnn in some 
regions. It reara imd “ifpits” upon slight provocation, and the venom 
is effective at distances up to 12 feet. The snake is 7 feet long when 
fully grown, and since it rears its head to a height of S feet from 
the ground, its attack is unexj^ected and overpowering. The effect of 
the venom on the cyca of the victim b os disastrous as that of the 
ringhals. It is pmbable that if nothing were done to djlnte or wash 
away the poison from the absorbent membranes of the eye^, blindness 
would result. Not enough of the poisoTi ooems to be absorbed to 
cause death, however. This snake may be lustnms black, olive, browni 
or salmon pink in color. The black variety may show a pair of large 
Crimson blotches under the hood when ibis is spread. The lighter- 
colored spedmeus have a black bond across the throat, giving the 
snake ila common nameL 

Tiiit blacli robrL 

ThiB serpfjit malaTioI^uca) is slighLlj larger and hcsTicr 

than the spitting cobra and looks somewhat like it* It does not spit 
venom hut is quick to become angered and will rush tn attack whoever 
comes near. It is confined to tropical Africa. Tho shiny teatnre of 
its skin diHtinguisbes it frotu Uie dark variety of tlie spitting cohru. 

Th« EoTptiui cabn or up. 

This snake Aaje, pi, 14, fig* 1) is the most widely distributed 

of tho African cobras, being found in the whole of Korth Africa ex¬ 
cept in the coastal area of Algeria. It is especially numerous in 
countries bordering the Sahara and extends through lilast Africa all 
tho way to Natal, Its color is dull brown, blending well with the 
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hot, dry aflnd ttrougli whidh it prowb in ^arcb of rats and mice. It 
takes 6eely to water, where it deTOiirs frogs and toads. It grows to 
6 fe$t m length. By dlspodtiDn it is Tery irritable, hiding and 
fitriking repeatedly at the slighted disturbanoe. 

The Cflpe cobra. 

The bad temper and ferocity of this snake (Naja fiava) is well 
recognized in the south of AfrirjL, where it occurs from Cape Colony 
to fiouLhern Tanganyika. It ia found with sereraL different colora¬ 
tions, individoals haing yallowidi, reddish, bcowHj or black. It 
frequently dimbs trees in search of young birds and eggs^ 

Several other species of cobras inhabit rather restricted areas in 
West Africa or Angola, some of them nearly ^^hoodiess” but other¬ 
wise unmistakably cobras. 

Tbe water eobru. 

These aquatic cobras [BtmlmfferiTta^ pi-14, fig. S) live in Caineroon, 
the French and Belgian Congee, and in lioke Tanganyika. In the 
last'named place they stay around njcka, on top of wludi they bask 
in the early morning sun before taking to the lake. They grow to 
around 8 feet in length. Their degrea of toxicity ia not definitely 
known, hut out of the water they arc apparently not nearly so ag« 
gressive the true cobras. Most of them have a binck bar behind 
the head, followed by a number of blark, uiiuiilly hght-oentered spots. 
They probably seldom go far from water* 

The aiambas. 

These deadly snakes (Dendraspis^ ph IS, fig. 1) are set apart from 
the other poiEonouB snakes of Africa by their extreme slenderness. 
This makes them admirably adapted for an arboreal existence, and 
their green or blackiah coloration makes t hem almost indistinguishable 
among the stems of climbing vin^ The head is narrow and the eyes 
large. The mamba looks rather like the harmless tree snakes of sim¬ 
ilar build found in the Tropica uf both hemispheres. When it oiiens 
its mouth, howevsTj tliero is no mistaking its poisonous character, for 
the large fangs arc situated at the very front of the month. One 
species mny he as long os 12 feet, a length unmatched anjrwhere among 
elapine snakes except by the king cobra of southern Asia. In strike 
ing, it takes advantage of its length by doubling back its neck laterally 
and then lunging forward nearly half of the body length- Birds 
and small rodents comprise its food | in searching for the latter it often 
takes to the ground and even enters native huts. There are several 
epecies of mambas now rccognia^ed, and in distributma they pretty 
well cover the southern part of Africa north to Abyssmia and the 
Niger. Mambas are said to be very eociahle, several m^ea and fe^ 
males being frequently found inhabitiag the same hollow in the trunk 
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of a tree, a crevice among boulders, or a hole in a bank, and often 
sharing their retreat with a black-necked cobra. The eggs are laid 
in dense vegetation, and the young snakes take to the trees as soon as 
they are hatched. 

The Ee:ab-fa^gei> Skaki:® 

The boomslang. 

The boomslang {Dispholid'us typus) belongs to the rear-fanged 
group of the family Colubridae and in build is like one of our racers. 
The color varies greatly, from green through all shades of brown 
to black, the scales of the Eghter-colored individuals often being edged 
with black. An adult may measure over 6 feet in length. Its name in 
Dutch means “tree snake,” and the trees are its natural environment. 
In sparsely wooded country it takes to the ground to hunt frogs, liz¬ 
ards, ground birds, caterpillars, and various insect larvae. The eggs 
are laid in decaying vegetation on the ground. When biting, the 
boomslang does not readily let go when once it has seized its prey. 
Unless its grip is complete, the fangs do not penetrate the flesh, since 
they are set halfway back in the upper jaw under the eyes. Fortu¬ 
nately this snake is very timid and will make off into the bushes at 
the slightest alarm. When it bites, however, its venom is very active, 
and the results may be fatal to human beings, as they undoubtedly 
have been fatal to dogs, oxen, and other farm animals. 

AUSTRAIAA, NEW GfUINEA, AND THE SOUTH PAdTIC ISLANDS 

Aside from the sea snakes of the family Hydrophidae which live in 
the waters of the northern coasts, Australia has but one family of pois¬ 
onous snakes, the Elapidae.** This family has an extremely large 
representation there, however, as 14 genera and 80 species are known. 
While a number of these are not considered dangerous to man owing 
to their small size, short fangs, and tunid dispositions, the larger 
hi ^^^ outstanding for their abundance, msolence, and high toxi¬ 
city. There is a great range in the toxic power among the really 
dangerous species. While the action of the poison is more largely 
neurotoxic—as in other members of the Elapidae throughout the 
world—there' are some haemolytic effects as well. Most of the cases 
of snake bite in Australia could be avoided by the use of boots and 
leggings, as the snakes do not rear very far from the ground in at¬ 
tacking, and few are aboreal, hence the feet and legs of a pedestrian 
are in most danger of being struck by the fangs. 

New Guinea has, in addition to a liberal population of sea snakes, 
several representatives of some of the deadly kinds found in 
Austraha. 


Aoatralla I. th* only p«t ol th, world where e majority of the muUm. te T.nomouA 
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There are no snakes in New Zealand, poisonous or nonpoisonous. 
The Hawaiian Islands are likewise devoid of them, as well as most 
of the scattered islands of the South Pacific. One genus of the fam¬ 
ily Elapidae, Ogmodon^ is found in the Fiji Islands. Several of 
the same family occur in the Solomon Islands, while some of the sea 
snakes live in the surrounding waters. 

The black snake. 

This snake {Pseudechis j>orfhyria<ms, pl, 15, fig. 2), most abundant 
of the larger poisonous kinds of Australia, grows to a length of 6 to 7 
feet. The smooth scales are satiny blue black above, while below they 
are brilliant scarlet edged with black. The neck is slightly extensible 
so that a “hood” about half as broad as that of a cobra can be formed. 
When about to attack, it does not rear like the cobra, but instead raises 
the head only a few inches from the ground. It will not attack man 
unless trodden upon or cut off from means of escape. It prefers 
marshy places or streams and dives and swims well. It can stay under 
water for a long time, and from its habit of lying still at the bottom 
of lakes and streams it is dangerous to bathers. Its food consists of 
frogs, lizards, and small mammals and birds. The young are bom 
alive in March, up to two dozen to a litter. During the winter the 
black snake hibernates in holes in the ground. It is found through¬ 
out Australia, except in the north, but does not occur in Tasmania. 
Its bite is said to be less dangerous than that of the other large Aus¬ 
tralian snakes, owing to the lower toxicity of its venom. 

Several other snakes of the genus PaeudeohU live in Australia. One 
of these, inhabiting central Queensland, grows to be 9 feet long, with 
proportionately large fangs and poison glands. 

A still larger snake, the giant brown snake {Oayyurmm aoutellatus)^ 
belongs to a closely related genus. It is restricted to Cape York Pen¬ 
insula. It is known to reach a length of over 9 feet. 

The copperhead snake. 

While a reddish-brown or dark-brown color usually characterizes 
this snake {Derdsonia mperha, pl. 16, fig. 1), occasionally a bright red 
or black individual is found. The head is usually of a coppery tone, 
especially so in the young ones. It is a stouter-bodied creature than 
the black snake and docs not grow quite so large, as 6-foot specimens 
are considered uncommonly large. When angry, it is said to rear a 
few inches from the ground, with the neck slightly curved, as the cobra 
does. Like the black snake, it frequents swamps and feeds on lizards 
and frogs. It is found in southeastern Australia and in Tasmania. 

There are about two dozen other closely related species belonging to 
this genus in Australia, some of them being no more than 15 inches 
long and with relatively weak venom. 
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The brftwn niBhe. 

Tho larger tDombers of the genua D^man^ una considered highly 
(Ifljigeroua, «8()eciiillj the brown snake (D. tiXtUia, pi. 16, fig. 2), which 
is usually S to 6 feet long, and wiiiely distributed all over Australia. 
It is light yellow to brown or gray above and white below. The young, 
hatched from egg^ are ringed during the first year. This snake has 
a small head, but its bite is extremely serious, owing to ita highly toxic 
venom. The snake is all the more dangerous as there is nothing in itn 
appearance or behavior to excite fear, since it resembles one of our 
whipsnakea. There are about a dozen species of this genus, and several 
of dtem are eoUed whipsnakea, owing to tJieir sleoder build. 

Related forms of tills dangerous snake occur in Now Quinea as well, 

The mmlce. 

The dark hands on a tawny ground suggest ths name of this, the 
most savage and dangerous of AiKtraliou reptiles (pi. IT, fig. 1). 
Sometimes the ground color is so dark that tivn bands are indistinct. 
The venom is of such extremely high toxicity that it is not equaled by 
that of any other known ^ake. It seems to cause more fatalities in 
Australia than all the other poisonous snakes of that country put to¬ 
gether. The t iger snake {NotecAt/i ^euiat^ng) , when disturbed, becomes 
furious, spreads out the neck to twice its usual width, and rushes 
toward its enemy. It resents being interfered with by otJier snakes 
and is said l.o be more than a match for tlie black snake, A man bitten 
by this snake may die witliiu an hour if no treatment is given, and a 
dog in less than 26 minutes. The tiger imake is between S and 6 feet 
in teiigth wh cn full-grown, and its body is rather stouL It is extremely 
prolific, pii^ucing 50 ot more young in a litter. Its food consists 
mainly of lizards. It likeK dry country, bonce its range is extensive 
both in Australia and Tasmania. 

The deatli adder. 

A sbort, thick, clum^ body not more than 3 feet long, and rcsemblitig 
that of a vip^me snake far more than its own relatives ju 3 t enu- 
ineruted, characterizra the death adder {Acanikophtf OJifarrfibixs, pL 
l7, fig. 2). In wlor it reaemblee tho gr<)ijnd it lies on, so that it may be 
gray, b^wn, pink, or brick red, depending on the sandstone of the 
region in which a particular individual may live. In younger stwei- 
mens, bands of darker shade crow the body; tlieae niny dimppoar with 
age. It is found in sandy locaUtiaa over most of Australia except in 
southern Victoria, as wefi aa in New Guinea and the Moluccas thus 
having the widest range of any Australian poisonous snake.’ The 
yoimg are born alive, about a dmen at a time. It bos verv roueli 
Kal«^ even on the head, and there is a spine on the Uil. Its larL 
head bears fangs tlmt are ao longer than those of the tiger snake, and 
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its Tsnom is so activs that it is reckoned sa highly dnngsrous. It 
ia not so quick to striks as the tiger snake, hut as it is likdy to bo 
stepped on, it is a constant mcnaco. 

The Lrtiad-hoadwl Knake (genits Hoploatphaluifi^ the black and tfbito 
ringed snake (genus/^'uWno) , tbo rod'bellisd Kniiko (genus 
and thair alliott are not considered very dangerous to man, oither 
because of their snail size, their rolatlTely weak venom, or tbeir short 
fangs, and therefore will not be considered here. The status of the 
poison of some snakes, such as Micropachis ikaliekat of Kew Guinea 
and the Solomons, is tiot yet established 

I'BB USA SnAEn 

This family (Hjdropbidae) ia the only other family of poisemous 
snakes found tn Australia besides tbe Eiapidae just discussed. It 
would bo more proper to say **m tiie waters of tho coasts,^' for ttioso 
snakes are never found inland. Twonty-seven species have been listed 
from the waters bathing the northern shores of Australia j tliese belong 
to 12 dilTerent genera. Since this group has Leon discussed under the 
section on *‘Indift, China, Japan, and Malaya,’* it will not be further 
touched upon here. 

Da>H3CR0llS JiOXPOlSOiNOLfS BETTIUS 

Certain of the noniwisonoue reptiles may be important to man for 
one or more of three reasons: Kirat, because their large an^l 
great strength may allow them to bite, scratch, or cnish whoever is 
unwary enough to approach them too cleeely; second, becausa tbeir 
natural food may comprise rats, mice, and other pests which, if un¬ 
checked, would destroy the results of man’s industry; third, because 
their skins, (lesb, or e gg s may be economically useful. While the 
following comments are by do means complete, they wiU nevertheless 
bring to mind some of the more dangerous nonpoisonous reptiles tu be 
encountered in the various geographic regions, with a brief mention 
of tlieir iwfiitive economic importance. 

HORm AUESIOA 

The three large nonpofsonous reptiles on this coni men t which may do 
considerable bodily harm if they are interfered with are tbo Ameri¬ 
can crocodilo, tho alligator, and the ailiguior-snapper (a turtle); a 
omaller but very vicious turtle, the common snapping turtle, is also 
considered. 'ITie several aperies of soft-shelled turtles (family Triony- 
chidae) occurring in tho United States are vicious biters like their rela¬ 
tives in Asia and Africa, but their smaller rise—not exceeding a shell 
length of 18 inches—does not warrunt their inclusion among tho more 
dangerous reptiles of this area. 

Hwraa-4i—si 
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Tnz AlOBKiur Cuxnnn^ 

In l.hA United States the American erocodilo (^Croiod^lta ocuiutf 
pl» 18, fig. 1) is found in souUicastct'n Florida and in tbe Florida Kejs, 
while beyond our borders it is known from the Greater Antilles (except 
Puerto fiico}, and oa both, coasts of Central America from Mexico to 
Ecuador and Colombiii. It attains a length of more than H feet, and 
for so bulky a creature it is surprisingly agile ou land, being able to run 
with its body mieed clear of the ground. It usually rushes for coTcr 
if startled while basking on the shore, but if brought to bny before it 
reaches the water, it can turn on its pursuer quickly with snapping jaws, 
at tliB some time dealing a heary blow with its tail. In the water it ap¬ 
pears to bo inoffensive; nevertheless, a large one might be tempted to at¬ 
tack n jierson bathing near its haunts. Its narrow snout serves to 
distinguish it from ita broad-nosed relative, the alligator. Its Jawa 
are very ijowerful in closing, ED that its bite could oa^ily sovor nn Sutm 
or a leg. In Cuba^ as elsewhere, it is activelj pursued for iLs ^^lunble 
hide. The flesh of the tail of all crocodiHans is greatly prized as fo<id 
by the Datives wherercr these reptiles aro found. 


Tir£ AWeKICA^ AlilfiATOK 

Tha American alligator {Aliigaior missittipienth, pi. 18, fig, S) is 
found in rivers utul swamps of the lowlands of the Carolina^, Oetirgia, 
and Florida, west to Louisiana, Mississippi, and the Bio Grande in 
Texas. Because of the industrial demand for the hides, large O'nes ore 
hard to find nowadays, & IS-ioot specimen being a rarity, allhowgh 
some as long as 15 feet probably once esisted. It ia timid by nature 
arid wiU try to escape into deep water when surprisod. Like its rela¬ 
tive, the crfMSodile, it can defend itself with heavy jaws and thrashing 
tail when the need ariaea. It feeds largely upon cruatacenna, taking os 
many fish, turtles, hir^, or small mammals as it can gel, however. 
Very youngoliigatonc likewise devour insects. 


TUJt AlXJdATOa^B^AlTEl 

Tbomvage alir^tor-snopper {Maentchehj, ttmminckii, p], 10 , fig. 1 ) 
la a nelaliTo of tho common snapping turtle, and because of its Inrce 
81 ^ would bo a serioufl menace to bathers except for ita ally and secretive 
dispoatioti. It IS seldom feund aroond heavily iHipulated areas. It 
could defend i^lf very effectively against moleatation by using its 
^wcrful jawa, but, as a matter of fact, accidenta to human beings from 

of about no pounds and a sheil 

Esh^nt mav ewi ^ ti*' ihe muddy bolturu waiting for 

fish that may sinm withm its reach, enticing the fish to coins near by 

o^mg Its mouth on the inside of which is a white filament of flesh, 
which looks hka a large worm to a fish and acta as a very efficient bdt. 
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The flesh of this tiu-Ue was greatly esteemed by tha Indians, for ita 
bones can be found on many ancient camp sites. It occurs from Texas 
east to Kouthem Georgia and northwestern Florida, ns far south as 
the Suwannee Bircr drainage aystetn, north in tha Mississippi Basin 

tft c^^ntrfl] IllinoisL 


Toe Co^Mnif aittno Ttmrxx 

Found practically eve.tyiivhpre eflst of the Eockies math of Tfo™ 
Scotia (excepting pemnsular FJoridR), (he common snapping turtle 
{CheJydra ^erpenUn^ scrpenili^ pL 19j fig* 2) is one of our commonest 
and moat figgr^^ive reptiles. It strikeii with itfl head as a snake does 
and the sharp-edged jawa, aUhough without tceth^ can cause very seri¬ 
ous injury, A large one may weigh nbKHit 40 pounds, with a shcE 
length of 14 inches. It is much less shy than ita large relatiTej the 
alligulor-snapper, and its fondness for ahallow, muddy barnyard 
breams results in the loss of many young dueb^ and geeae-j which it 
catches by the foot and pulls under water to drown* It ah^o feeds 
largely upon (ish. Its flesh is sold in thii markets, and the soup made 
from it ranks high nu the menu of most sea-food rc^taurantic A 
sufasi>eriee occupies the peninsula of Florida, similar in habits and 
dispositioa to die common snapping turtle. 

lATIK jurrST frA 

Tliero are aereral kinds of large turtles found in T^atin AmeiHcai 
hut none of these shows much inclination to bite eren in self-defense, 
while their fiesh and eggs are of decided value* Though snapping 
turdea related lo those discussed aboro occur also in Mexico and 
Central America, they are rarely eneoimtered^ Several kinds of 
coymana and crocodiles, the anaconda, die boa, and aome of the 
lizards large enough to scratch and bite complete the list of poten¬ 
tially dangerous nonpoisonoua reptiles from this region^ 

Tua A»ACanDA 

ITie anaconda {EurMstes murmtis, pi* SO, fig* 1) is aquatic, often bo- 
ing found submerged close to the banks of rivers in the GuianaSj Braiili 
and Amazonian Pam, It eats birds, mommoIaT crocodllea, fish, or 
anything that it can swallow. Its tremendoua muscular power could 
be immeiliAtelj fatal to a human being who was constricted within ita 
coils, and undoubtedly d^ere have been some fatalidcSs especially 
aniong Indiana who go to the river to t^the. There is a difference of 
opinion os to the maxiinum size attained by this snake, aoma 
authorities maintaining that apecimcna ovor 30 feet long have been 
killed. It breeds when less than half that length, however, the young 
bring bora alim A iitter from a l^^foot femifl wrighing 23fi pounds 
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coDtained 72 young snakKSj each about a yard long. The leather made 
from anaconda hide is strong and of high quality, while its flesli can 
be used oa food,since aJl snakes are edible. In Brazil its native names 
are aucnri or sucurijuba. Several varieties mostly based on color 
have been described. 

Ttrz Boa 

The boa (Ootvtrvtor constrktor^ pi, 20, fig. 2) has a much wider 
range tlian its relative, the anaconda, its severat vanet.ias being found 
from Mexico to the Aigentine, Its maximuta length seems to 
be about 13 feet. Some individuals can be quickiy tamed in captivity, 
but others remain bad-tempered, striking and hissing with a great 
show of ferocity. Its sharp, recurred teeth can infiict a very severe 
and lacerating bite. It seldom stays Tong in water, but is an excellent 
climlinr and is frequently found in trees, wliure it goes to Iiunt fur 
nesting or sleeping birx^ and small mammals. Its hide is much sought 
after, being very beautiful in color and psttem. 

Tit* B£U£E CtDCOOTLE 

Found in great numbers in the Sibun swamp west of Belize, Brit¬ 
ish Honduras, the Belize crocodile {Ctceodyhis mcriktit) has been 
doubtfully recorded as far north as Tampico, Mexico. It grows to 
ahotit 10 feet in length. Water beetles and insects comprise the 
food of the younger mdividuals. It is too shy to be of much danger 
to bathers. Ita hide is valuable to commerce. 

TkX DUHOO^ CiOCQDtLZ 

Noted for its ferocity, the Orinoco crocodile (Grotn>dyJvt inters 
medftM) is greatly dreaded by the Indians who live in the Orinoco 
Delta where it occura. Early writers inaisled that it was 25 feet long 
when full-grown, but few over 10 feet long ore to be found nowadays. 

Tn* CAnuna 


In Cen^l wd South America occur seven species of caymans, two 

genua the others 

to the “spei^cle^* C7o*man. the “specUnles’’ in the latter consisting 
of a hea^ ndg^f bona^twoeu th^B eyes, lacking in the former genuJ 
Ve^littleis knoTm about thehabits and life histories of the smooth- 
fronts Both species ^ email (about A feet). Thev are 

found m the Paraguay, Amazon, and Orinooo Rivam. As far m is 
known, they are not vicious toward man. « j 

Th=jpMtel«l Uv, b 

a™™.. onlroM thrt 

length of more tlan 1« fcw. It i, Umi by ft. 
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masy tales of its voracity. The Paraguayan ceymaii ((7. ^aeare) is 
lees Ui8Q 10 feet in length, while the broad-snouted cayman (C, 
iatirottru} from the Bio Sao Francisco and Alto Parang is about 7 
feet. The flesh, cspedaDy that of the tail, is reported to be excellent 
eating. 

IaiFA.njji Alfltii Ontn IiiliaE LuAfiOii 

Several lands of large lizards (genera /guana, Oanolophua, pi. qi fig 
1, etc,) can bite and scratch fiercely when captured. 'Hie true iguanas 
belonging to the genus Iguana are extnuDoly plentiful orer moet of 
tropical America including the southernmost of tlie West Indies. The 
value of tlieir flesh as food, and of their skins for leather, makes them 
important to man wherever they arc found. Most lizards arc largely 
insectivorous, and in the uiscct-plogued Tropics every natural check 
on the increase of iuaect iiests is to be encouraged. 

EUBOnE AKn NOtITKEiUf ASU 

There arc no nonpoisonous reptiles of sufficient size to be dangerous 
to man in this r^gpon. Some snakes here, as elsewhere, will defend 
themselves if molested by attempting tt> bite. As these snakes can 
do little more than break the skin with their shoii teeth, they will not 
be further discussed. 

tmilA, CffINA, J^AI’AW, A3;D 3tt.iIATA 

This region is particularly rich in large and dangerous, though non- 
venutnons, reptiles, Titc pythons come flcHt to ni ind, then the Komod o 
“dragon,** the Inigest of all lizards living today. There are several kinds 
of smaller monitor lizards, close relatives of the Komodo dragon, able 
to battle fiercely with tooth and claw when their safety is at stake. 
The salt-water crocodile is known to be a man eater at times, and the 
iiiainese crocodile is not blameless in tliis resjiect. The mugger and 
the gavial are less dangerous to roan. The several kinds of soft- 
shelled turtles, white shy and retiring in habit, have knifdiko jows 
similar to those of their North Ameriean relatives and resent being 
disturbed in Ute same manner, 

Tux nmenuTVD Pmroa 

The onakos most frequently seen by the American public in side 
shows at circuses are the reticulated python (Psthan rsriowhrfus) and 
the Indian python. The former is known to reach a length of 32 
feet, but whether this snake or the anaconda of South America con 
truly claim the title of ^largest snake in the world*’ is still somewhat 
in dispute. A 2d-foot python weighs 250 to 300 pounds, so that it is 
far less bulky in proportion to its length than the heavy-bodteil 
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smicoDdiL. Xts ooils po6S6£ss gTE&t coitstncti&^ pow^, and a large 
python bos tio trouble in cniabing a pig nr goat, vhicb it then pro¬ 
ceeds to awnllow whole. The Uleg of pythons being able to Hwaliow 
an 01 are utterly false, but theta is an apparently authentic story of 
a 14-yeBr-old boy being eaten by a python in the East Indies. 
Leather made from python hide is veiy beantiful and is much desired 
by the trade, and before the war a great number of ctrino were ex¬ 
ported each year from Asiatic porta. 


The iHtiWT PrrHfi^ 

Snakes of this species are welcomed by annhe chanaets because of 
Iheir sluggish and “gentle" diaiwsitions. Even in a wild state, the 
Indian python {Pytiu>n molxtrw^ pL 22, fig. g) is known to make little 
effort to escape, and when attacked often mokee no attempt to awnge 
offense or injury. It i« fond of lying partially submerged near the bank 
of a river and can remain under water entirely for several minutes. It 
poasisses great muscular strength and, in spite of its lack of aggres- 
Bivcncss, can ui^rpower a leopard with case. It ia active by day as 
well as by night, feeding on niainnmls, birds, and reptiles. Two 
color phases of (his species are known, the individuals of one phase 

^uig light in color, the others dark. Tho extreme length is about 25 
feet. 


Thk Kouopo Dukctoif Li^tP 

The Komodo dragon lixerd (Foronus tcwwNfiWflAw, pi, 21, fig 2), tho 
largest tsiiating lizard, was unknown to science until ItH2. It o^utu on 
Komodo, Flores, Rindja, and Fadar Islands, all lying dose together 
mst of Java and south of Cdcbea. Small deer and wild pigs form 
its^ataple diet, with turtle eggs which it digs up on the shore where 
other food IS scare. It is extremely voracious, faUing savagely upon 
a womid^ member of its own spedea if it has the opportunity. It 
JK naturally wary toward man, but fights desperately when cornered, 
using the tail as a means of defense, as the croctdifians do. Its mari- 

weigh 250 imimcls if m good condition. In walking, it swings its 
haad from ade to aide dose to tlie ground, usually dragging the tip 
of the tail. The young lisarde before they aie strong enough to pull 
dovra larger game cUmb trees to hunt for birds’ egga. ThLld ones 
make burrows between tree roots and sometimes mSer rodJ! ^ 

O^rim MoffxTai 

Nearly ^ of monitora (genus Feromis) live in southern 

Asia and Malaya. After the dragon lizard, the kr^t ^ S 
measuring 8 f^t m total length, is the kabnra goya S 

also called water monitor by the English becaise it rmoro 
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aqu&tic tlmn tha other Ajidatio spooies. It diniha trees in senreh of 
food, but when frightened, it lakus to the water for flnfety and has 
been seen ewimming far out at sea. It can run at good speed when 
piiTBuing its proy on land, Tlie soft'shellcd eggs, from 15 to 30 in 
a clutch, art laid at the beginning of the miny season in holes on the 
bank of a rirer or in trees beside the water. TJie desert monitor 
{Veranu9 gri^eta) lircs in arid regions of northwcstein India west* 
ward throughout aonUiem Asia to the Caspian Sea and North Africa, 
It retires to its own burrow or the disused holo of some other animal 
during the heat of the day. The other species of monitors are moro 
or le^ intermediate in habits between the two mentioneiJ. Monitors 
can bo destructira to poultry and tlieir eggs, but this is offset by the 
number of rats and mice that they destroy. They can all bite and 
claw with great vigor when hunted down, and the tail is often used as 
a Iftsh. Other monitors occurring in Africa will be mentioned below, 

TliE SflJT^H grr-tm TUffTLM 

Several genera soft-shdled turtJo (family Trionychklae), all very 
siniilar in appoitnincet occupy Itie region under discussion. They are 
fond of burying tbem^^elYo^ in mud, with only Ibe lifiad nnd part of 
the back exposed, where they rninaln nearly inviBible waiting for their 
food to pass, when they it with a quick moreuienl of the long neck. 
They cat fish, molluska, and but will take carrion also. Muck 

of their food is found by huntings for they arc extremely voracious, 
and very active when swim ruing, aJ though dmnsy on land. The 
adulte ara vicious and powerful creatiiree, Home Bpecies with the upper 
flliell nearly a yai'd lung. They are dangeroua to handle^ for they can 
give severe bites. Their long flexible necks enable them to reach most 
pitrts of their body, nnd when catching them the only pbice to hold 
them wiih safety is the margin of the soft diek or ^^shelP just in front 
of the hind limho. Tlieir fleah. is said to be dellelous, and they ure for 
sale in many markets of the Orient, 

Th* SAL.T'WATia Ofl EnuAKmx Ctovciini.E 

Thasslt-water or estuarine crocodile {Crocodylw purom, pi. 132, fig. 
i) cim without any doubt bo called tlie giant among living reptilti^, be* 
cause authentic specimens measuring more then 20 feet ore known from 
tlio Philippines. The specicts ranges also to the east coast of India,, 
Coy Ion, Malaya, the north coast of Australia, the Solomon and Tijl 
Islands. It lives in the mouths of muddy rivera and canals near the sea, 
seldom ascending a river above tidnl limits, and has been found several 
milea out to sea. Its huge size enables it to overcome largo and jHiwerfu] 
anlinala. It is the speciee that causes most of the annual loss of human 
lives in Asia which is attributed to crocodiles. When an individual 
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has once acquired man-eating habits, it appears to have a preference 
for hiiman beings as food, probably because they are more easily ob* 
tained than wild beasts. It is only the adult crocodile that is able to 
attack man and large animals. Fish, birds, and turtles are likewise 
relished. Young ones eat crustaceans and even insects. The female 
makes a nest of reeds and rushes, the heat of decomposition of which 
incubates her eggs. The Burmese and some other Asiatic races are 
fond of the flesh of this crocodile, while Siamese trap it for its 
gall bladder, believed by them to have remarkable medicinal powers. 

The Bia^oebe Ceoc<h)ile 

While the Siamese crocodile {Crocodylu^ siamen^) grows to a 
length of nearly 12 feet, it is not as a rule aggressive toward adult 
human beings, ^though small children are said to be seized sometimes. 
In the rivers it prefers to stay above the tidal limits. It feeds chiefly 
upon fish. Its flesh is sometime eaten but is no longer a regular article 
of commerce. 

The Muoma 

Two other popular names of the mugger {Crocodylvs p^dmtru) are 
the marsh and the broad-snouted crocodile. Its range extends through¬ 
out the whole Indian Peninsula and Ceylon, west almost to the Per¬ 
sian frontier in Baluchistan, north to Nepal and east to Assam, It 
lives in swamps and rivers, usually above the tide line. During the 
dry season it buries itself in the mud and aestivates until the rains 
come. It feeds chiefly on birds and fish, and only occasionally at¬ 
tacks man. The mugger is bunted by the natives of Sind, but only 
as a defensive measure in order to protect their fish. 

The Gavial 

Living in rivers of India and Burma, the gavial (also spelled 
gharial) {Gavi^u ffangetieu^) reaches a length of over 21 feet. Its 
food consists mostly of fish, with some birds, and it has been known 
to seize goats and dogs. It rarely attacks man and hence is little 
feared. 

AIRICA 

The dangerous nonvenonious reptiles found in Africa belong to the 
same groups as those found in Asia—in fact, one or two are of identical 
species on both continents. 

The Rock Ftthon 

Keliable records indicate that the rock python {Python sehae, pi. 23, 
fig. 1) pows to a length of at least 25 feet. It is found aU over Africa 
except m Egypt and the Mediterranean and desert regions of the north. 
It IS common in some locaUties and remains so even in the vicinity of 
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some native village, for it is often reputed to be supernatural, hence is 
avoided by the people of the region. Wart hogs are said to kill pythons 
sometimes, and crocodiles may occasionally become involved in a 
struggle when the snake drinks at a river. In Natal the rock python is 
a valuable ally of the sugarcane growers, for it devours considerable 
numbers of rats Eind is the chief enemy of the destructive cane-eating 
rat. Pythons are in consequence encouraged, and semitame specimens 
frequent most of the sugar factories. There are very few authentic 
cases of human casualties due to the rock python’s embrace, although 
there are plently of instance of fully adult persons being caught who 
were strong enough to get away. 

The Warali and Otheh Monitors 

The waral {Varanm , sometimes called the Nile monitor, 

is found all over Africa except in the northwestern part, being espe¬ 
cially conspicuous along the banks of the Nile, It is more or less 
aquatic in habit and lives largely on fish, but eats rats and mice with 
avidity also. Its habit of digging up and eating the eggs and young 
of the crocodile is sufficient reason to ensure its respectful regard by 
the natives. Its total length when full-grown is slightly over 5 feet. 

Several other monitors occur in Africa, though ranging over a 
less extensive area than does the waral. Some live in desert regions, 
one of these, Varanits ffrisetes^ being found in southern Asia. All can 
bite and scratch fiercely, and the tail-lashing habit is more or less 
prevalent, 

Th£ N]X£ Crocodile 

The Nile crocodile (Orocodylm niloticus) attains a length of 17 feet, 
and is generally abundant from the Nile to the Senegal, and south to 
the Cape of Good Hope, as well as in Madagascar. It is extremely 
vicious and dangerous, taking many lives each year. Its food consists 
chiefly of fish, with birds and mammals unwary enough to come near 
it. The eggs are laid in dry sand, 40 to 60 in number, and are about 
the size of goose eggs. The young are nearly 6 inches long when 
hatched. They make for water at once, although many of them be¬ 
come the prey of the Nile monitor {Vararms nUoticus) as already 
mentioned. The ancient Egyptians worshiped the crocodile, and its 
mummified remains have been found in tombs dating back thousands 
of years. 

The Long-snouted CaocomiM 

The long-snouted crocodile {Crocodyhis cafaphraetm) is definitely 
a West African species, being confined to the Congo basin. It attains 
a length of 12 feet. like that of the gavial of India, its elongated snout 
is ideally adapted for fishing. Young individuals feed on anything 
they can find, including shrimps, crabs, frogs, snakes, fish, and even 
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grasshoppers. Not many accidents from the bite of this crocodile are 
reported; this may be due to the fact that palisades are erected in the 
river near villages where crocodiles occur, providing places of safety 
for bathing and obtaining water. 

Two other crocodiles, Osteolaevnm tetrasjna and Oateoblepharon 
oslomi, are characteristically West African in distribution. The for¬ 
mer has a very short, tumed-up snout but otherwise looks much like 
the latter. Both are rather smaU, not exceeding 5 feet, and probably 
are not at all dangerous to man. 


The AfsicAK Soff-bhelito TtrarLE 


Tho African soft-shcllcd turtle {TTioiftyw ttiuTiguiB) frequents the 

Nile, the Congo, and the Senegal Rivers and their tributaries, as well 
as rivers in Syria. When fully grown its shell is over a yard in 
length, and its body weight 200 pounds. It has all the biting ability 
of its relatives in Asia and in North America. In all parts of its 
range this turtle is hunted and eaten by the natives. 


Except for the large pythons and some monitor lizards and the salt¬ 
water crocodile, this region has few nonpoisonous dangerous reptiles. 

The Diauokd Pethoit 


The diamond python {Python spUotes) grows to a length of 20 feet, 
hence ranking with the half-dozen or more largest living serpents. In 
addition to eating rats, mice, and rabbits, it destroys some of the rarer 
and more valuable Australian mammals. Its skin is much sought 
after, and python farming for commercial purposes may some day 
be a reality. ^ 

Other hmuK Shakes 


It IS nectary to give only a brief mention of the six or seven other 
large members of the python family (genera Python, Ltasis, Aspi- 
dttea) found m Australia, some of which are said to grow to 16 feet 

in length. They are mostly arboreal in habit and have great muscular 
power in constricting* 

A„dr.li.n 

snakes not of the python family are dangerously poisonous 


The 


(.n^neous],) «the n dimb, l,.bto.ll, for birds°« 

Md young buds. It .s squally fond of poultry and 

nuisance m the henyanls of populated areas Ti kJf i • 

itasharpfoethUhaudlodmSoud^ aavorely « 
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The skin of the goanna is in even greater demand for shoes than 
snake skin, as it is tougher, and is very attractive when properly 
prepared. 

Gould's Moimoi 

Unlike the preceding species, Gould’s monitor (Varanus gmAdii^ 
pL 23, fig. 2) does not take to trees, but lives on the ground in holes and 
is usually found in waterless districts. It is much less vicious than the 
goanna, although it hisses loudly if vexed and inflates the loose skin of 
the body. It grows to a little over 4 feet in length. 

Other Australian monitors are more or less intermediate in habits 
between these two. 

The Salt-wateb OaocomiM 

The salt-water crocodile (Oroeodylns porosits)^ a dangerous man 
eater, has already been discussed under the section on Asia, since 
it ranges there as well as in northern Australia. It infests the tidal 
mouths of streams especially in North Queensland, and when sur¬ 
prised it actively resents any intruder’s presence. It has excellent, 
hearing and is very difficult to approach for this reason, as it slides 
into the water at the slightest sound. It ascends water courses, so 
that the clear pools of fresh water in the upper reaches are by no 
means safe for bathers. 


APPENDIX 
PTESr-AlD THEAXatZNT 

While it is not within the scope of this paper to give any medical 
advice as to the treatment of cases of snake bite, it is desirable to re¬ 
publish the first-aid directions contained in a leaflet issued by the makers 
of standard antivenin serum. They say: 


m CASE or BltE 


Baake bites slioald be treated Immediately, 
shonid be employed: 


FiaST AID 


The following first-aid measorea 


Apply eonstrictlng band above bite Jnst tight enough to prevent absorption 
and not interfere entirely with fiow of blood. A cold, numb limb means constrio 
tion Is too tight and should be loosened. 

Make deep X-shaped cuts loch long through skin at points where fangs 
entered akin. Let the blood flow from these cuta Slake additional cuts at edge 
of Bwollen area. Help flow of blood from these cuts by auctloiL Make suction 
for 15 or 20 minutes every hour for several hours. In Interval between suction 
treatment, cover with cloths wet with strong solution of table salt or epsom salts 
In water. 

Do n* i muterize the wounds or apply postasslum permanganate. 

Don't run or exeidsa Don't take any alcoholic atlmolanta. 
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AEBOdATVD TERATIdJOTT 

Of genonil npdrf from o.ntWfriilu. ■edatlT'ia aocli &x mnrp iiTn ^ or 

nAplrin, or ot ft barbStiirate maj be ffvua to pain and ijerroiiij* 

hhh. For coHApoe, mrcoutlc splrEts of ftfomonta or othtr gfDeral 

etimulftiitft ni*i; of aotae vulua Id nil H<tTerelj polnoned perftoosi^ great relief is 
Ulce]^ to be exs^tleDced froin toe tofoBlon of n large omooiit of pb^alologficftl 
uIltieT or sULL botler, traDsfiiHioii of hloodn tbo eifecta of may be life uTliig 

In bonlorLlDfl i 


A2rnvE3ri2£ akd rra f'kF^AB.vxiox 

Antiveaoniinis wnims used to combat U^s deadly effects of the bites 
of poisonous snakes are prepared by medical institutions in many coun¬ 
ties. Tn the United States the Sharp and Dohme Laboratories at 
Glen Olden^ Pa., furnish a senim effective against tlie bites of all tho 
itnportnnt poisonous snakes to be found in this country, as well oa 
serums for use in tropical America. 

“The first step in prei>ariDg an imti venomous serum, or ^antivenin,’ 
is tlie exlriiction of the venom from the anukea by tnanualJy forcing 
it into a stiitablo container. It Is then partially pufined by centrifuga¬ 
tion, dried, and stored for use. As it is needed it is dissolved, steri¬ 
lized, and injected into borses,starting with very amall doses which are 
repeated in gradually incccaaing amounts every weefc or every 2 weeks. 
Eventually the horses become so highly immune that they can with¬ 
stand amounts several hundred times as great as would kiJl a normal 
horse. Their blood is tested periodically to determine its antiven- 
omouB potency. When it is up to a set stjiiidard, the horses are bled at 
regular intervals. Tho scrum ia separated from the cells and is con¬ 
centrated in such a manner as to remove much of the inactive sub¬ 
stances, leaving a highly active material that is the antivenin of com- 

In g^mcrol, it may be «id that an antivenin is satkfactorilv effec- 
tiva only agamrt bites from snakes of the same typo tJiat siipplied 
venom need m its preparation. It may be useful in treating bites 
from dose y related species, but iwually it is worthless, or nearly so. 
m Mcidcnta from unalJied types. Thus, an anavenin propped 
“ ^«tlesnake is useless, or nearly so, in treating 
bites of cobras, and vice versa. Fortunately, however, it is ixaaihle 
to prepare one antiv^n that will oounterset «vera1 different ^ms, 
merely by usinga mixture of venoms in immunizing the hor^??5 
melliod IS used in the United States and results in a ♦ * 

♦ffeetiTO in idling bite rf dj th“ 

coni ^k«, bite irom o-hich »« nre. g„|,b 
prepared m other countriee as well, and thev 
teotecol of bite. TOcn til. CO.!, tepoodble for ^ ta 
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identified beyond any doubt, it is best to use the specific antivenin, 
if one is available.” (Nigel Wolff, personal communication.) 

A famous laboratory for making antivenin for the bites of neo¬ 
tropical poisonous snakes is the Institute Butantan at Sao Paulo, 
Brazil. In exchange for live snakes from which to obtain fresh 
venom, which are sent in by planters and fanners all over Brazil, 
the institute furnishes fresh antivenin to use in the many cases of 
snake bite occuring among the laborers clearing ground for new 
plantations. The death rate from snake bite in Brazil was estimated 
to be about 3,000 a year before the establishment of the institute. In 
1930, however, after careful tabulation, the total appeared to be well 
under 100. 

In Australia, the Commonwealth Serum Lfaboratories at Melbourne 
manufacture antivenin for the bites of the tiger snake and death 
adder, the two most deadly snakes of that region. 

In the French colonies, various branches of the Pasteur Institute 
provide serums for different kinds of local poisonous snakes. The 
Burroughs-Wellcome products, of English manufacture, are available 
in India and Egypt and other areas of British influence, while the South 
African Institute for Medical Besearch, Johannesburg, supplies serum 
for the bite of many African species. 

DIEBCnONS FOR MAKING SCIENTmo COLLECnONS 

In little-explored regions there is always the incentive of dis¬ 
covering unknown species, which would be of great scientific value 
if they could bo collected and preserved for the United States Na¬ 
tional Museum in Washington, D. C. It is relatively easy to preserve 
snakes, lizards, frogs, and toads. All that is necessary after killin g 
them is to make a short incision with a penknife on the ventral surface 
into the stomach and intestines, then they can be dropped into a 
solution of 1 part formaldehyde and 10 parts water and left for 2 
or 3 days. They should then be changed into a fresh solution of 
the same strength. When they are to be packed for shipment, an 
empty gasoline tin should be lined with paper or straw to prevent 
the rust from discoloring the skins of the preserved specimens. The 
specimens themselves should be loosely wrapped in cheesecloth damp¬ 
ened with formaldehyde, with the place of collection, the date col¬ 
lected, and the name of the collector very plainly written with soft 
black pencil on heavy paper. This information is absolutely neces¬ 
sary, for without it the specimens are valueless. The gasoline tin 
may then be soldered shut, and the specimens will keep for several 
months without more attention. Those interested in natural history 
wiU find it a pleasant occupation for spare time to make such collec¬ 
tions, and the collections will be assured of prompt study and identi¬ 
fication upon their arrival at the United States National Museum. 
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Plate 2 


i^ficTtirmJuimu^), also oaUed harlequin or bead snake. Color: wide rincs ofedrusoit and 
FlSti»- with ycno«. (see'plate i). Ungthl S Iten^: 

Philadelphfa Z^^lop^sal Soelety.T ^ linilana. Poisonous. {(Courtesy 



Aorrirfu^)^ also called black or bandcil rattler. Color: yellow or tan with 
bands of dark brown or black, sometimes ulmosjt entirely black. Letiglh: 5^j feet, Kange: 
1 through Louisiana to Texasi the Mississippi %^alley States Into Wisconsm. K\* 
remoiy isoisonoiis; aggreasiTre If disturbed. I Courtesy Philadelphia Zoological Society*) 
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1. C?*fuLJjiii ptjniij- miHer tnrriQfiui). ■Iwctfclh.id ^njuud aafcltr. r(Jr?r: Kr$jhh #1iti ■ »rrim nf 

rricp^^ bkrtcfcLB^a 4 rvJdfih biml ■kvo^c thi- Inw4, Lcnnih: 2 ^t. ilftEijf; Nonli (*Bfrjt|iiii t& 
0«9nKbl inJ A^ibUnju JVihflnutii. (i:i.itiTl4'«> Dr. W. Ufinrtnc^r t.¥np.] • ■ 



injfkInRS fsN Bl. 0. Umitb 1 tfrl, Kmijr; 

Nal »«in^vd<»D|r»<1b(4»l«,|. ^Li l4 I'MW?lill5S j£S!lSiia 






J 



I i riiIl.lj7OTaltt rftrrxMiif Crr^'i^rfflUJ L aIaq «LlJi-il uiamhe-l rnliir- VAriAurlali u jik. 

7 fapi lina^jttiirllnii ftr(p«i irta ihr bpwL. lilifiicib- 

rind noftbrfi] JiJTTniliii, PBrwuW 

^JfltrhLlCle nil I tir f«J I rm: «ry W^lv^. (O^iu tnj ^k-i Lb at i 



2. iiitAhi^niEiff mum). Aiih> Ja aiuilh In Cfatml Armrlci, fJfosswu Jn Briuil, 

Qfiil mm^plr^ I'.nnAlThi Iti Tj Nihlm3. Vuhtt. jitar^ brown, ittlrt\ blnltbl). wJlti i si!ftif Loiitii bfowti bkHcliM 
wfalfT 4B illn- lliiu:4 qiiil aihiriEiri !>' nimmrnr' im Ibr pl«lrn lj.-1ig:tll. likAir II fnrt. Hai1j;l«: iviulhr^n t^i-nltal 

Am^inn lEifmjih Soulh AiHtrici, iiiKludlnf Trlnlijud. K^rr^^JFnElr imiIhihiiiiij: «iwwIit. (("inr- 

tni>- \>W York Z«4iirJ-ifll 



IW).-OkIum 


FLAT^ !? 



I, Klfitfjurj, ako-Itallm tUrJarklkoH jqj-qrqMTb, l^rrlmspUh tflmJiQlL rnilw Brmv 
Martinique itiil K. Lita'En |Ji ihn Inrtk4. E^cwdLnsdy enjEmkiihii frcuirti^y Xp«f Yufk 



^ H^taftk'a Mm vlptf {il'jtkrifM mtrtMilUit UWrrAiJ. r.?44ur; Tiiiir^irntlv liellH-i.h ^ 

... 










SmiLliHifniin ftrporf. 1 ^ 1 . CbrfpKri 


Plate G 



I BffnfIflJ, ftiwtjitJiM! ntsw-hotusj Vtjirf. DrJlL qJU'ni^ Ihr ^mnq 

by a S^ Lcl^^Jh- 2 ft'ri. iMStlTfll PfinlT^ AnKlh^ tu 

CoJAHiTila utirl IC^^tad&F, PobHHMMU. ILiiilKtnEj NnMri^ 



SL H. la^llrllrial nlk&k:^ fclH^UPf hnl»ll of Mliltll Stli 

forHSHdllM, ralkj: MlW lilart fthfinf. vh\it Ifw3tj»- iCtflimI Ain^ jrns n|h^rlnM^I. I^P^hlW 
Utioij-nitilfl thrffllfh HrJitiL SJl* bttrt but tl^aJ ti>niiii:i. (f ^RtUJr iTaaniLn^ | 
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1™ llHAT^I f/;r/4Mfrriiuf inrTWuiH I. C<4iit; Sclkjw urit h H u3l ™ ^ . 

I«ttb :in («I. Ji..,. I v,.t„i Mnh* (»(L,„| 


tinlm OuturlhnJ. 






So^huauu 


Pi ATC B 



■W ^ ^1* rnUi'^l wldicr ffl- kP(iUMiHi-j (Jn (kribjuivl, rotor KT*y, otWn. No^rlL 

ijf ^1<liPh tinjf™ VFnitl ilnrk klcmt ttwlff: a tlttrk tivw imitrm JoDg tbs bjwk. J^Dglh: ovrf 

wJb 4 J oeni^fH J.urow- aeuI A^o en ilip Araur JtEnpr nUd tlAkhikllJii iKhuira; ^lEi, 



J, cif^j^L'i vip^T i t r|»fM MrdftEn, Hlitt iciilIM mifiisvj ^iidDir in lEdy. K o4uf. or rmlt hiwfi 

■W Ith n*.^li*iiriJ«flt J-^roft-rKitKrt# WJilmb muVnJrt [fttfesh^r In a ■iniv> i# iltiM Eiwidj *1»1 b* ilafk ifat -ir Iwuwci. 
Ij'hnih: I Jrti lEjiJijjr. nthririii rik I'rtiiirr. noiEhifiriv Italy. lIunmiFi, ami iMJla nr Jufudjuriu. »lq«]iEly |ui1^ 
^noLLJ-^ Dol ajRh.mlu'ip. i(<?<HirtKrvt Ftiilljiikn nf iIm' AiktJkj^nJtii ImiLEuEr k 




Repofl, -Codmi 


PU rt 9 
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I^J yrjiliw (fHKtillj, ilrjwTl Ih 
ilrajiJ lion*, tliU 
KnoJfltftofcl 












Pi *te: 13 
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L Alligator^snapper iMacrockeius fmmJiicJfcff). Color: light brown or y<?]lowish* Shell length: about 28 
Inches. Range: from Texas to southern Qeor^a and northw^estem Florida, as far south as the Suwanee 
River drainage system, north In tho MissL^slppl basin to central lilinols. Shy and retiring in the wild 
state, hut able to bite vteJously when disturbed. (Courtesy Philadelphia ^oologlc^ Socletyj 



lower shell 


30T1 snappl 
yellowish; 


head and limbs 


very 

.ri 


dark above, 


fihell dull olive or dark brown; 
I, ligh t beneath, bhcll length: a bout 14 inches. Range: 


eastern North America from southern Canatla to the Gulf of Mexico, eicept peninsular Florida where It 
is reiilaocd by a relatod subspecies. Able to inflict a severe bile with Its sharp^deed laws fCourtesv 
A, L Ortcnburgcr.) i ^ j * i vuiw. j 
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1. Anaconda (Euntaies ap.). Color: olive with two ro^-s of large black spots on back, and smaller ones, 
often with, yellowish or orange centera* toward the belly; orange dark-bordered streak on side of head. 
Lfength: possibly over 30 feet. Range: Guianas, Brazilp and Peru, Constricts and crushes Its victim; 
laws with long, backward-slanting teeth to hold prey, (Courtesy Philadeiphla Zoological Society.) 








SmJtluDniftn Rcpcift, l943.-OK}a'a4i 


Pl_ATC 21 



1. Onl&pai^os land iKuana sp.). Color: head and nock dull oranpo to yollow; hody. taJL and 

limbs dark brawn. U-ngtU: about 4 fwi. Ranpp- the Oalfipa^os Islands. While these and other larpe 
iguanas of other genera are not at all aggressive, they can bfte and scratch with great vigor when captured. 
(Courtesy National Zoological Hftrk.) 



2. Komodo dragon liiard (l orenws tomodoeiisis). Color: dull hrowm or black: tonmie vidlow L^ncth- 
about 10 Range: ^trlcted to four small islands (Kontodo. Floras, Riridja. mid Padar) lying east of 
Java and sooth of t.eh’bes. Wary coward man, hut very strong and a vicious dehter with lith plaw« 
sna lashlnt! mil. (Courii'.sy I'hlliwlclphla Zcwloiriral Socicly.) '*'*“*“' 
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I. \Urk bfu^ ly bljiclc. Lnu^iti: uu E^ IQIctL 

^npiki: IimII^ f i-i Um, pnutlw.'ni rb\iVL xhc Mdljr Afrillliellto. Ihr ^#crfi»muci run] I'JJI In^Hln, nnd Iiimhf.ni 
AiiKtr^tlB ExltTtiMly I'^ldoclt albil Hiirt.diikvi^^ •bt'liiji AMuuhlAtilr (fir iiuiinv iliuLihfi r^irt). tiiw tn (IH*? Malay 
rfghm and. imil*. fCourtfiy SrW Vnrk ZiHitivbnil 
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1 (PfffAou Color: pale brcn«rn above, with dark brown .^luiuoua cross bars* sides witn 

30 feet. Range: Central and South Africa, Able to crush and 
strength, as w'cll as to bite savagely if disturbed, (Courtesy PbOadelphia 



Color: blackish wdth yellow dots in roaetteson the back Lonuth^ 






THE PLANTS OF CHINA AND THEIE USEFULNESS TO 
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Foreigners traveling in China are struck by the contrast between 
the barren, treeless moontains and hills, with here and there small 
patches of dense forest hiding the picturesque temples, and the inten¬ 
sively cultivated fertile valleys or strikingly terraced hillsides. 
Scholars delving into the history of the people or the causes for the 
locations of the present centers of population find that the plants 
and their distribution, past and present, lie at the base of many 
problems. Foreign residents meet curiosity-arousing plants on their 
rambles or strange plant foods on their tables. The great majority 
of the Chinese people are farmers, a much larger proportion than 
in America. Likewise most merchants are constantly dealing with 
plants or plant products in their business transactions. These and 
many other considerations stress the importance to China of her plants 
and vegetation. 

The flora of China is the richest of any temperate region in the 
world and is one of the most, if not the most, important and useful to 
man. Although it has long been explored and studied, no one has 
yet prepared a manual of the flora of this vast area or of any major 
part of it comparable to our well-known Gray’s Manual of Botany 
or Britton and Brown’s Illustrated Flora of the Northern States and 
Canada, 

HISTORY AND PRESENT STATUS OP BOTANY IN CHINA 

How we have come to know about this plant wealth is important 
in understanding what we know about it and where to find the re¬ 
corded knowledge. Eecently a student came to the Smithsonian In¬ 
stitution to find a detailed map showing the distribution of the vege¬ 
tation in China and its character in every locality. Had he under¬ 
stood the stage of development of our knowledge of the botany of 
China, he would have known that no such map existed and that the 
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materials from which one could be prepared are widely scattered^ 
very incompletej greatly generalized, and often very unreliable. It 
is therefore of advantage to trace the history of the botany of China 
before viewing the vegetation as a whole and examining some of its 
principal component parts; that is, the individual species, of which 
there are over 15,000 now known, with hundreds of new species being 
described every year. 

This history has three branches: the first, the accumulation of 
knowledge now represented in the rich Chinese literature prepared 
before the advent of modern science; the second, the development of 
scientific knowledge by westerners; and the third, as yet only a vig¬ 
orous shoot scarcely 25 years old, the development of Chinese scien¬ 
tific botanists and institutions. 


PKESdENTinC STUDY BY CBUTESE 

(plinese nonscientific knowledge can be traced back to the mytho¬ 
logical emperor and scholar, Shen Nung, who is supposed to have 
lived some 2,000 years B, C. In the third century B. C. a diction¬ 
ary of terms, including botanical names, which were used in the an¬ 
cient Chinese classics, was compiled by Chou Kung under the title 
Ehr yah.’’ In 1590 appeared the most important of all CTiinese 
botanical works, the herbal called “Pen ts’ao kang mu,” by Li Shih- 
chen, a record of all knowledge of Chinese medicinal plants. Since 
that time many editions of this famous work have been prepared, 
as well as other herbals. Most of the data recorded in these numer¬ 
ous (^ese works are agricultural, medicinal, or economic. Valu¬ 
able information on plants is inscribed in the huge Chinese encyclo¬ 
pedias, which are often so large as to dwarf our familiar reference 
wor^ of this type. More information is buried in the numerous pro¬ 
vincial and regional gazeteers. A few western scholars of the Chi¬ 
nee anguage, or Sinologues, have delved into these storehouses of 
hteratiHe and have made translations of scattered portions, but the 
ulk of this matenal is still hidden from modem scientists in the 
intricacies of the Chinese language. It is of relatively little value 

to us from the purely scientific point of view but is of use in the field 
01 economic botany. 


study by WESTEENEE8 

f knowledge of the plants of 

I increasing seriousness in its scientific objectives, 

tke nationality and qualifications of its workers, 

who cL? J r?” “ The earliest westerners 

^ho came to China were much interested in the strange new fruits 
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and ecoaomk plauta which, wwe used by the Ctureae people and 
which Iiiippened to como to their attention. Later westernerfi made 
more serious seanJi for plants growti in Chinese {rardens and shipped 
cuttings and seeds home ao that their own gardens and greenliousea 
might be enriched, r.*ater still dednite i>Aplor!itiun for useful plants 
was undertaken, from which developed seientide botanical exploration 
and the collecting of hcrbariuin specimens of all species. The first 
westerners who coiicerntMl themselves with the plants of China were 
traders whose primary Interest was business. These were followed by 
specially employed plant explorers, the earliest of whom were not 
highly trnined os botanists;. Later came better-qualified men to 
gather and interpret the wealth of botanical material so much desired 
by horticulturists, agriculturisUt, and scientists in the west It is 
speetally sigiiificAnt that almost all the European countries and tbs 
United States were interested in exploring for China’s botanical 
treasures, for the open-door policy in Chinn prevented any one nation, 
from excluding the others. In the beginning, of course, all material 
collected was sent back home, so that tceliiy the Ln[>ortant scientific 
collections are aciittered throughout Europe and the United States. 
Later, when stable centers were established in or near China, botanical 
work was carried im from places nearer the eollceting grounds, and at 
least part of the material was retained in tlie country, Soon after 
Hong Kong was ceded to Great Britain in 1841, the Hong Kong 
Botanical Garden and herharium were establi^ed, and similar 
institutions in various places were started as opportunities opened 
up. In the earlier part of the present century western missionary 
schools, colleges, and universities were founded and, together with 
various native Chinese schools and institutions, undertook botanicai 
work. Until recently most of the basic or purely technical study has 
been dons in Europe or America, largely because tlie institutions in 
China lacked the basic scientific collections so essential to such studies, 
but now much is being done by Chinese in China. 

This story of Chinese botany is closely bound up with the pro¬ 
gressive opening up of Chins to western penetration. At first only 
the prised plants of Chinese gardens in tlie few coastal cities open to 
foreign trade were known. Later the foreigners were permitted under 
special restrictions to explore the nearby hills. Still later, when the 
great diploniallc missions werci allowed to travel overland between 
Peiping and the southern ports, glimpses were obtained uf tiiw botani¬ 
cal wealth of the interior. Following the opium wars, 1840 to 1S61, 
iwrniisaion was u-rested from the reluctant Chinese rulers to ijenstrata 
farther Inland and to establish consulates, customs stations, mission 
compounds, and other ceiitera from which botanical work could be 
conducted. Eventually botanicai explorers began to enter the back 
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door of Cidna from Burma and to scour the far distant borderland 
and even the still largely forbidden land of Tibet. Now the eastern 
part of China is closed to all outsiders except the Japanese, and the 
westerners can enter only by the back door. 

Of course the first westerner to observe the plants of China was the 
Italian merchant Marco Polo. His written accounts of what he saw 
contain many references to the plants and vegetation and are of some 
use in reconstructing a picture of the vegetation in the thirteenth 
centu^, so different in many places from that found today. But to 
scientific knowledge Marco Polo made almost no contribution. 

From the rediscovery of China by the Portuguese in 1516 to the ex¬ 
clusion of the western botanists from eastern China after “Pearl 
Harbor, there has been a steady accumulation of knowledge of 
Chinese botany by the west. Following on the heels of the Portuguese 
traders came Jesuit missionaries, who, unlike the merchants, pene¬ 
trated far into the interior. In 1601 the Dutch arrived but their pred¬ 
ecessors, the Portuguese, were too well established to permit these 
newcomers to do much in China, so the Dutch concentrated their efforts 
on Japan and were more important in the botanical history of that 
country. They introduced tea into Europe soon after their first ar- 
Si® came in 1637 and the French at a somewhat later 

ate. When the Swedish botanist Linnaeus wrote his epoch-making 
bpecies Plantarum, published in 1753, he had access to a surprising 
number of Chinese plants brought by the Swedish sea captains or sent 
by various traders established in the few coastal ports then available, 
specially by the enterprising chaplain Peter Osbeck at Canton. As 
ttese treasures from the east and other parts of the world reached 
Euro^, gardens were established for their cultivation and herbaria 
were built for their preservation. Scientific societies were formed to 
^mote wor d exploration and to study the accumulated specimens, 
^us the famous Chelsea Physic Garden in London and the 
0^1 Gardens, the latter now the world-famous Koyal Botanic Gardena 
at Kew, almcet universally known simply as Kew. Likewise there were 
established the J^dm des Plantes in Paris, and botanical gardens in 
iden, Geneva Vienna, St. Petersburg, and elsewhere. After 1800 
there was developed the Koyal Botanic Garden in Calcutta with its 
^nent botanists, especially WalUch and Koxburgh. The Royal 

Senrifi • “r Society of London, and other 

Fnr^n^ Organizations were founded, and botany thrived throughout 
Europe. Governments became interested in the subiect. and botanists 

^S^rinTty o^Ploring expeditions that were so 

£nl AU iL ! "'?^‘‘=«oth century and the fir^t half of the nine- 
teemh. All these foreigners except the Russians began their activities 
m Ch.B. at coastal cities. The Jtussians, however, p^hed oTerlaod 
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cntereil^ChiriR from the north as part of their exploration of Sil^ria 
and adjacent lande, and today tlie basic botantcol cttllections from 
northern and northwestern China aro to be found in Leningrad. 

The first real American botanical interest in China came with the 
famous Perry expedition, which forced Japan to open her doors to 
foreign trade in 1894> Charles Wright, the botanist of the expedition, 
collected in Ciwa only about Hong Kong and Canton. His coHec- 
tions were studied by our own famous Asa Gray, working closely with 
European botanists. Sets of duplicates were sent to London, St, 
Petersburg, and probably Paris or Berlin, The famous Bussian 
botanist, C. J, Maximowics, founded seyeral new species on Wright’s 
collections. 

Xunierous famous botanists were osoclated with rarious aspects of 
this increasing interest in botanical exploration. Bolx^rt Fortune ex¬ 
plored the coastal r^ons of eastern China from 1843 to 1861, largely 
for Iho Koyal Horticultural Society of London, and practically ex- 
bniisted the possibilities of Chinese gardens as sources of material for 
cultiyation in Europe. He wrote scTcral rery readable books ou his 
explorations, and from Chekiang and Fukien ho obtained tea plants 
from which were deyeluped the now extenaive and important tea 
plantations in northern India. He was unable, howerer, becauoe of 
restrictions on travel, to penetrate very far into llie back country, 

The mo.st learned botanicol scholar in China in the ninotoenth een- 
tuij was probably H. F. Hanee, a consular officer establiahed in Hong 
Kong and Whampoa below Canton. Hh accumulated thera a fine 
herbarium, wrote schcdarly botanical papers, and corresponded ex¬ 
tensively with other botanishf and collectore in the cast. His heriiar- 
ium eventually reached the British Museum. Charles Ford end 
various others were in diargs of the Hong Eong Botanical Garden and 
enriched these coUections by exploring soutbem and southcastcni 
China. Augustine Henry was a medical officer aud OisLitaiit in the 
Chinese Maritime Customs, who was stationed at various times in 
Formosa and Hainan, and at Ichong in Hupeh, and Mongbee and 
Szemao in Yunnan. He was much interested in studying the economic 
botany of the cotmtiy and collected, with the aid of Chinese assistants, 
thousands of herbarium specimens, which were sent to Kew, whence 
duplicates were distributed to various hsrbaria throughout the world. 
They are now considered among the best and most important of all 
botanical collections from China. Beeides collecting herbarium ma¬ 
terial, Henry observed the uses nude of these plants and wrote an 
important account of the economic plants of the country. 

Among prosperous businessmen in Shanghai around 1870 was an 
energetic American, F. D. Forbes, who delighted in collecting plants 
on his week-end houseboat trips in the vtcinity. Having need for a 


330 ANNUAL REFOBT SMITHSONIAN INSTITUTION, 1943 


list of the knoim plants of China, he persuaded the famous British 
botanist, W. B. Hemsley, who named his collections, to prepare a list 
of all the known plants of China. This project developed into the 
only comprehenave enumeration of all the plants of China ever writ¬ 
ten, namely, An Enumeration of All the Plants Known from China 
Proper, Formosa, Hainan, Corea, the Luchu Archipelago and the 
Island of Hongkong, published between 1886 and 1905. Forbes’ name 
appears as first author, but, although he made some contributions, the 
work is largely the result of Hemsley’s effort. It was never intended 
to be a manual for ready identification of the plants mentioned and is 
now greatly out of date. It is important, however, as it brings together 
the scattered material published up to that time. 

In 1899 the search in China for ornamental and other useful plants 
was renewed with great vigor. In that year E. H. Wilson, trained as 
a gardener at Kew, was sent to China by the famous horticultural con¬ 
cern, Veitch & Sons, of England, with the encouragement of C. S. 
Sargent, founder of the Arnold Arboretum of Harvard University. 
Wilson subsequently made several trips for this American scientific 
institution, the first in this countiy to interest itself seriously in the 
Asiatic treasures. Following Wilson there came three Britishers: 
George Forrest, who died in Yunnan j Reginald Farrer, famous for 
his additions to English garden plants; and Francis Kingdon Ward, 
who is still exploring in Asia. Austria was represented by Camillo 
Schneider and H. Handel-Mazzetti, the latter marooned in China by 
the First World War. American workers included Frank N. Meyer, 
pioneer plant explorer for the United States Department of Agri¬ 
culture, who was drowned in the Yangtze River (pi. 11, fig. 1); P. H. 
Dorsett, another Government explorer of North China in the 1920’s, 
now dweased; and J. F. Rock, an enthusiastic collector in western 
China for our Government and other organizations, recently returned 
from Yunnan. Most of these men and others were employed pri¬ 
marily to brmg back seeds and cuttings of economically useful plants 
^d more or less incidentaUy to make scientific herbarium collections. 
However, their dried specimens and technical publications have con- 
tnbuted greatly to the knowledge we have today of the rich flora of 
Clima. Because they were especially interested in plants for cultiva¬ 
tion m temperate Europe and America, they confined their en- 
deavors largely to the rich hunting grounds of western China, first 
^plored about 1870 by the French missionary-explorer, Armand 
David Frank N. Meyer and P. H. Dorsett, however, made especially 
valuable disMver^ of little-known cultivated plants in northern, cen. 
teal and eastern China. Meyer, furthermore, penetrated into Chinese 
l^kestan and beyond* 
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THE BEGINNINGS OF SCEENTinO STUDY BY THE CHINESi: 

Until about 1918 practically all the scientific botanical work in China 
was done by foreigners from Europe and America, who took back to 
their home countries all their valuable collections. But following the 
Chinese Revolution in 1911, the idea was developed of initiating simi¬ 
lar work by Chinese as part of the modernization of China. In 1916 
the staff of Canton Christian Collegej now called Lingnan University, 
started accumulating a herbarium with the encouragement of W- T. 
Swingle, of the United States Department of Agriculture, and of E. D. 
Merrill, then director of the Bureau of Science in ManUa, and estab¬ 
lished a department of botany where students were trained to do re¬ 
search work. F. A, McClure, a member of the staff, a plant explorer of 
many parts of South China, especially of Hainan, and collaborator 
with the United States Department of Agriculture, undertook the in¬ 
vestigation of the bamboos for the purpose of training Chinese stu¬ 
dents in scientific research. About the same time Nanking University, 
another mission school, and National Southeastern University, a gov¬ 
ernment institution, now called National Central University, started 
herbaria and undertook similar work. Gradually other schools, espe¬ 
cially those under the Government, inspired by the examples of the 
earlier ones and staffed by their graduates or by botanists trained 
abroad, instituted botanical research. In the beginning various for¬ 
eign foundations fostered these developments by direct or indirect 
means, and later, Chinese scientific societies and other organizations 
aided their growth. Soon the initiative in botanical work was taken 
by trained Chinese botanists, most of them with degrees from American 
or European universities. At first these herbaria were dependent on 
foreign specialists for most of the naming of their collection, because 
the basic collections needed for comparison were in Europe and Amer¬ 
ica, and library facilities in China were inadequate. But gradually 
these obstacles have been overcome by obtaining photographs or dupli¬ 
cates of important collections or by making new collections which were 
carefully compared with the older ones, and by buying books or getting 
photostats or other reproductions. Now many parts of China have 
been explored by Chinese botanists and large collections of valuable 
material have been accumulated. These workers have been able to 
penetrate areas either not accessible to foreigners or not worth their 
exploring because of their primary interest in horticulturally useful 
material from temperate regions. 

There has thus been a steadily increasing interest in Chinese botany 
from the time of the first Portuguese trader to the establishing of 
modem herbaria and scientific research hy Chinese institutions. Much 
has already been learned, but there stiU remains extensive work to 
be done. 
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THE PRESENT STATUS OF CHINESE BOTAKT 

The principal botanical centers in China before the war were Canton, 
the Nanking-Shanghai area, and Peiping, with some activity in Sze¬ 
chwan. In Canton were Lingnan University and Sunyatsen Uni¬ 
versity. In Nanking were Nanking University and National Central 
University, the Academia Sinica, and the Botanical Laboratory of the 
Science Society of China, In Peiping the principal institutions were 
the Fan Memorial Institute of Biology and the National Academy of 
Peiping, the former especially interested in southwestern Chins, the 
latter centering its activities largely in Mongolia and Sinkiang, or 
Chinese Turkestan. On Lu Shan near Kiu Kiang, in Kiangsi Prov¬ 
ince was the Lu Shan Arboretum under the Fan Memorial Institute 
of Biology. This arboretum is now established in Likiang, Yunnan. 
Besides these major centers many other colleges, universities, and 
societies were engaged in botanical work, such as Amoy University, 
which was especially interested in marine algae, Hong Kong University, 
National Wuhan University, Kwangsi University, Science Institute 
of West China, and others. 

It is of considerable interest and of no little importance in the light 
of Chinese-American relations to note that most of this work by 
Chinese botanists has its roots in American activity in China. Thus 
their methods and points of view are primarily American rather than 
European, and a far larger proportion have degrees from American 
than from European universities. In Japan the reverse is true. 

Of the many fine Chinese botanists, one of the most outstanding 
is Dr. H. H. Hu, head of the Fan Memorial Institute of Biology, a 
graduate of Harvard University, now president of Chung Cheng Uni¬ 
versity (Chiang Kai-shek University) at Taiho, southwestern Kiangsi 
Province. Prof. W. Y. Chun, of Sunyatsen University, also a Harvard 
student, whose present location is unknown, is especially versed in the 
flora of southeastern China and Hainan, where he has collected ex¬ 
tensively. On the fall of Canton to the Japanese forces he established 
the university's herbarium temporarily in Kowloon in British territory 
opposite Hong Kong Island and saved most of the collections. The col¬ 
lections he could not remove from Canton are reported to have been 
taken by the Japanese to Formosa. We have no knowledge of what 
happened on the fall of Hong Kong. K. C. Ching (pL fig, 2) , head 
of the Lu Shan Aiboretum in Likiang, Yunnan Province, is the fore¬ 
most authority on ferns, and Dr. Y. L. Keng, of National Central 
University in Chung^g, is a thorough scholar who has specialized 
on the grasses of China. Prof. W. P. Fang, of National Szechwan 
University, Omei Hsien in Szechwan Province, is working on the 
flora of that region and has made extensive collections. Dr. Tseng 
Cheng-kwei, who is still in America, is a specialist on marine algae, 
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and Li Liang-ching, last heard from at the Fan Memorial Institute of 
Biology in Peipingj is an authority on fresh-^ater algae. Dr. Tai 
Fang-lan, a student of fungi, was at least formerly with National 
Tsinghua University, now joined in exile with the National Southwest 
Union University in Kunming, Yunnan. At this same Union Uni¬ 
versity is C* Y. Chang, a plant morphologist. Many others, equally 
worthy of mention, are in various places unknown to us because of the 
wartime disruption of communication. Whereas in former years in¬ 
quiries about Chinese plants were usually directed to some foreign 
institution, now they can be directed to Chinese botanists at home. 

Even at the present time botanical work is going forward in China. 
Research and even exploration is being carried out, although on a 
small scale and under tremendous handicaps, and scientific papers 
are occasionally printed. Exchange of publications with western na¬ 
tions is impossible, except as many scientific periodicals in America 
are being microfilmed and sent by mail through cooperation with the 
Cultural Relations Division of the United States Department of 
State. 

It should not be forgotten, however, that much botanical work on 
Chinese plants is still being done by westerners in America and 
Europe. Dr. E. D- Merrill, director of the Arnold Arboretum of 
Harvard University, is the foremost authority in America, and that 
institution, along with the Gray Herbarium of Harvard University, 
has the finest collection of Chinese herbarium specimens in the United 
States. The United States National Herbarium in Washington has 
many thousands of specimens in the care of the present writer, who 
is especially interested in the plants of China. The New York Bo¬ 
tanical Garden, the University of California, and the Missouri 
Botanical Garden also have large Chinese herbaria. In Europe the 
largest collection is probably at the Royal Botanic Gardens, Kew, but 
very large and important deposits are at the British Museum in 
London and the Royal Botanic Garden in Edinburgh. In Berlin 
there was developed a large and very important herbarium, which 
is reported to have been almost completely destroyed in March 1&43 
in a bombing raid. Other important collections are in Paris, Vienna, 
Stockholm, Copenhagen, an^J Leningrad, 

THE LITERATHEE ON CHINESE FLANTS 

Ever since the time of Marco Polo and the earliest Portuguese 
explorations, people have been writing about the plants of China. 
There is now a tremendous literature written in almost every Euro¬ 
pean and Far Eastern language and in the books and periodicals of 
almost every country. It deals with these plants from almost every 
point of view, taxonomic, economic, agricultural, geographical, and 
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others. SecAusc these pIstiLft from dumi hare found their tfoj 
into cultivation ia nil parts of the world, horticulture! and ogricuU 
tursl literature ia full of TnluabJe aiscounts of interest to students 
of Chinese botany. Much of the literature U highly technical and 
would be o£ little interest to the general reader. Very little of & 
popular nature has been written on the plants as a whole; indeed the 
subject Is so Tost and there is so much even yet vraknown that it is 
a difficult task to treat the flora as a whole. Evetyoue in China who 
'S^hitcrested in plimts longs for a manual by which he can learn the 
scieniiSc, Chinese, and oomotimes the comniun English names of the 
shruho, and herbs about him, but no one has yet undertaken to 
write such a comprehensiva work. For a few restricted areae there 
arc such boaks, but they are of little use outside their boundaries. A 
few years ago Dr. E. D. Merrill and the writer compiled A BibliO’ 
graphy of Eastern Asiatic Botany, listing over Si,000 titles of books 
and papers on the plants of China proper, Munchurin, Mongolia, 
Tibet, Japan, Formosa, Korea, and eastern Siberia. It is the moat 
extensive r^lonal plant bibliography ever published. By means of 
Its extensive indexes one can find a great mass of information on 
many subjects. For further detnils on the |irincipal works on Clii- 
nese plants, see pp. 360-301, 


fwjrai, reqioks op china 

number of species of plants in China, numbering over 
15,000 seed plants and ferns alone, along with the great diversity in 
the v^tation, ranging from the steaming Tropica of Hainan Island 
to the cold, wind-swept Mongolian deserts and froin the China 
Sea to the eternally snow-capped peaks of Tibet, makes the lock of 
goimng a pneral cemcept of Chinn'B fiota a difficult one. The aver- 
pci^n in nioet pnrto of Chinn seen, besides the well-tended plants 

r mattered trees among the cult!- 

v^ Celdg (pi. 1, fig 2) or along roadsides and paths or an occasional 
grave n or n^r a vUlage (pL i, fig, i). Striking oases of luxuriant 
vegetation hide the temples and monasteries arattcrad about the 

Bhrato (pL 1, fig. X), or boor scattered pine tr«s of no great sin 
(pL 2), But if one travels into the intorior on the dividd between 
the major mera and away from tillable lands, he may fin^ 
foreata, even dense primeval juDglee. ^ ^ genuine 

Tb. ™ta.ndiag fMi™, of the Chinea! l.nds«iM lo « new- 

c^r f,™ Ik, „ th, b,™ .nd trMi™, ap™,. »f Ih, 
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urgent economic problem in China next to that of raising enough 
food for its millions of people. 

The vegetation of China varies with respect to the rainfall and 
humidity^ which are in turn governed largely by the direction of the 
winds, the seasons, and the location and altitude of the mountains, 
which ri^ in the west to peaks over 22,000 feet The distribution of 
the rainfall throughout the year, the average temperature, the ex¬ 
tremes of temperature, the character of the soil, and various other 
factors also determine the type of vegetation found in any given area. 
As these factors differ widely throughout the country, so there is 
great variation in the vegetation. 

Geographically China can be divided into at least eight floral 
regions as follows (see also map, fig, 1, where approximate bound¬ 
aries are shown) : 

1. Northeastern China, including most of Korea and extending 
from northern Manchuria to the great plains of China, marked off 
from the lower Yangtze Valley by the extension of the Tsinling 
Mountains, and reaching westward to the Gobi and Ordos Deserts 
and the loess regions of Shansi. 

2. The Gobi Desert region of Mongolia, especially the southern 
part, including the Ordos. 

3. The loess region covering eastern Kansu, most of Shensi, and 
part of Shansi. 

4. Middle China, comprising the main part of the country from 
the Tsinling Mountains on the north to the Nan Shan on the South 
(that broad range which separates the watersheds of the Si Kiang 
from the Yangtze Kiang) and extending westward across the plateau 
of Yunnan and the basins and lesser mountains of Szechwan to the 
foot of the snow-capped peaks in the west. 

5. Tropical and subtropical southern China, including most of 
Kwangsi, all of Kwangtung except the most northern part, coastal 
Fukien and southern Cheldang, and of course Hong Kong and 
Hainan. 

6. Southwestern Yunnan, which has the same type of luxuriant 
tropical vegetation as adjacent Burma. 

7. The highlands of western China with their deep river gorges 
and snow-capped peaks and corresponding parts of western Szechwan 
and Kansu. 

8. The grasslands of eastern Tibet, covering parts of Sikang, Tsing- 
hai, and Kansu. 

If Tibet as a whole be included in this greater China area, two more 
floristic regions would be added, namely : (1) northern plain or 
Chung Tang along with the Tsaidam, the part with internal drainage; 
and (2) the outer plateau, the part of Tibet drained by several rivers 
which flow through great gorges across the Himalayan Bange. 
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These divisions are not dearly marked off from each other, but 
gradually intergrade. Of course it must not be supposed that the 
vegetation is uniform within these divisions; it actually varies con¬ 
siderably according to soil, altitude, and dimate. Also in general 
aspect the vegetation in most parts has been enormously changed by 
man from that which unhindered Nature has developed. In fact, 
to a very large extent we can only determine what is the normal 
vegetation by careful study of the few remnants which man has not 
yet altered. 

The plants that compose the vegetation of these regions can be 
divided according to their geographic affinities. For example, the 
banyan trees of southern China occur elsewhere only in southern 
Asia, and the species of pines found in Manchuria occur elsewhere 
only in Siberia and northeastern Asia. Thus the plants of China 
can be divided into the following eight groups based on their geo¬ 
graphic affinities, with the addition of a ninth group, if the strictly 
cultivated plants be considered as part of the flora of the country. 

1. Palaearctic, consisting of plants which occur in northern Asia, 
often also in Europe and northern North America. 

2. Central Asiatic, occurring in Turkestan and vicinity, usually 
also in Asia Minor and often even in northern Africa. 

3. Himalayan, consisting of plants found in the temperate and 
alpine parts of this vast range south of Tibet. 

4. Indo-Malayan, the plants which are found exclusively or nearly 
so in Indo-China, the Malay Peninsula, and the East Indies. 

5. Insular or Japanese, including plants extending over Hokkaido, 
Japan proper, the Liu Eiu Islands, and Formosa. 

6. North American, consisting of that group of plants found in 
eastern Asia and eastern North America, which has been of so much 
interest to plant geographers. 

7 . CosmopoUtan, those which occur so widely distributed over the 
world that liey cannot be considered as indigenous of any one part. 

8. Endemics, or those plants, either species, genera, or even fam¬ 
ilies, which occur nowhere 

The following discussion is mainly concerned with the floral re¬ 
gions, because considerable knowledge of the distribution of plants 
18 needed m order to understand floral affinities. However, these re- 
lationships will be considered in connection with each region* 

kortheasteen cmKA 


T^is flOT^ region mcludes Manchuria, most of Korea, the great 
plam of Chma m Shantung, Shansi, Chihli or Hopei, and most of Ho¬ 
nan, and extends south over northern Anhwei and Kiangsu. It is 
bounded on the west by the loess deposits of Shansi and Shensi and 
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the desert and grasslands of Mongolia, including the Ordos Desert in 
the great bend of the Yellow River. This is a region of rather se¬ 
vere winters and adequate, but not e:streinely abundant, rainfall. 
The climate is greatly influenced by the monsoon winds, although less 
so than in the regions farther south, and is not extremely continental, 
as is that of Mongolia and of central and northern Asia. 

The characteristic plants are broadleaved deciduous Temperate 
Zone trees and shrubs, the genera of which are mostly familiar to 
people of eastern North America, such as oak, maple, birch, beech, ash, 
walnut, elm, willow, etc. There are many conifers, such as larch, 
spruce, fir, and pine, but they are found in less abundance or on the 
higher mountains. Bamboos are found in northern Korea. In Man¬ 
churia and northeastern Asia occurs that gorgeous phenomenon of 
autumn leaf coloration, so familiar to us in the northeastern United 
States and Canada, but occurring nowhere else in the world to such a 
degree. 

Throughout most of this region in China proper the trees now 
occur singly or in small groves. Originally great forests extended 
almost unbroken, though changing in constitution, from Manchuria 
and even farther north, all the way down through eastern China to 
the tropical jungles. There remain today large forests in northern 
Korea and in some of the mountainous parts of Manchuria. These 
forests furnish much valuable timber for use in northern China and 
even for export to Japan and elsewhere. Until about 30 years ago 
there were some magnificent forests east, west, and north of Peip¬ 
ing, which were saved by the emperors for hunting preserves; but, 
with the passing of the last imperial dynasty and the uncontrolled 
pressure of the population for forest resources, these have rapidly 
dwindled to almost nothing. In Shansi has occurred the same phe¬ 
nomenon; the once great forests on Wu Tai Shan described in early 
Chinese literature have steadily dwindled till now there is almost 
nothing left. The tragic story of this mountain has been ably told 
by W. C. Lowdermilk and Dean R. Wickes under the title ^History 
of Soil Use in the Wu T’ai Shan Area.^’ ^ This account, prepared in 
connection with our own Government’s soil conservation efforts, was 
traced largely from the records found in various Chinese works. 

In north-central Shensi, north of the loess-filled valley of the Wei 
Ho and south of the l6>ess area of the northern part of the province, 
are some forests of pine, birch, and poplar, which might be considered 
as belonging to this floristic region. It has been reported that in this 
wild area, partly denuded in earlier years, the forests returned to some 
extent after the destruction of the population in the great Moham- 

* FubUghed «.■ a EDOtjograph IsBiied undC'r the aueplces of tJi© North CMiui Branch of tba 
Royal Asiatic Society. 31 pp., lUuatrated, 1388. 
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medan rebi^llion of 1867 to 1878, In tbo moimtoinoua or hillj Shan¬ 
tung Peninsula the original foresbi have disappeared and been rC' 
placed in small part through scicntiBc roforestation^ in some cases 
with foreign trees such as Ainericnn black locust, Scotch pine, and 
others. This work was storted when the area was psirtislly under 
German control. 

The ranges of many of the dominant plants of this northeastern 
region extend northward into Siberia. These species are thus con¬ 
sidered as Palaen retie. There ore, however, a number of ondemic 
species of considerable importance. Here occur also a number of 
plants belonging to the eastern Asiatirs-eastem North American group, 
as for example the popular oriental medicinal plant ginseng. 

THE GOm DESEBT KBCllON 

The Gobi Desert region covers most of Inner and Outer Mongolia 
and includes the Ordos Desert wiiiiin the great bend of the Yellow 
River. It is really the enstem end of the great desert region that 
extends from northern Africa across Ambiai Iran, central Asia, 
northern Tibet, and Sinkiang or Chinese Turkestan. The flora of all 
these regions is closely related, the ron^gea of many species found in the 
Gobi Desert extending far to th e west, some even h) Africa. Th o driest 
and most desertlibe part is in the south, roughly along the line of tho 
Yellow RiTor, where are found in places, especially in the Ordoa and 
in eastern Kanmi, large wind-blown sand dunes with no vegetation 
to hold them in check. £lsewhere are rock-strewn plains or hills with 
an occasional, usually dry, watercourse, along which occurs some vego- 
tation consisting largely of drought-resistant, dull green ohrubs, trees, 
and grasses. Juat north of the Yellow River lie paralleling mountain 
rnnges, the Alashan and In Shan, which are high enough to inteicept 
in summer tha remnants of tiie monsoon winds from the southeast and 
to drain from the clouds sufficient moiature to maintain forests of 
spruce, pine, and poplar. Toward the southeast, east, and north 
the desert becomes more moist and merges into giasslands, which 
in turn merge on the north into the foresta or steppes of Siberia and 
on the east into the Manchurian forests. 

There are of oouree very few trees and ahmbs in tho true desert. 
Those which con survive the oxtremesof this severe continental 
and the scant moisture are mostly willows, elms, popkre, tamarisks, 
saxauls, and a few others. The oaxaul {Sakwykn ammodendron) is 
tho most characteristic plant of this desert as of all central Aci* it 
is a leafless tree, rarely teaching 80 feet in height, with green branches, 
and is a member of the goosefoot family (Chenopodiacao), which 
is largely composed of herbs and aemiwoody shrubi The garden 
beet and the common lamb’s-guartera or pigweed of our gardens and 
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waste places belong in this family. A favorite food of the camels 
find fitheir browaing desert animalij Ib th^ nitre hxmh (iVifrurta itcha- 
beri) of the caltrop family (ZygophyilacGao)i which grows in the 
Bfilirie finil m utimmon in de^rU. li]& alwo an omergKncj food for man. 
The characteristic central Asiatic desert vegetation is largely com- 
immxl of otlii^r nienjberB of these sHmo families and of lbs orpine and 
tamarisk families (Crossulaccae and Tomaricaeeae, respectively), and 
certitin genara and HiJ^ciea of the moEtard ^ Cnici ferae) ^ [lea (Lagiiin- 
inosae, especially the spiny caraganos)^ pink (Caryophyllaeeae), and 
other families as well as euphorbs^ sedges, and grasses. The interest¬ 
ing drug plant Ephedra^ rather new in western nLOdidne, but long used 
by the Chinese, is found in the desert 

There are no endemics in this flora, a fact of conaidenihle im¬ 
portance in considerations of the extent to which the deserts of Asia 
may be man-made and how much they are the result of natural condi¬ 
tions. Whiitevcr may be the answer to the question of the origin of the 
Gobi Desertp we are very sure that it is gradually extending it^lf east¬ 
ward and soutliwnrd and encroaching on the more habitable lands 
which man needs* Besides the iiiiiniHtakable hijatoricaJ avidence for 
tbia progi%saive desiccatien* which is to be found in ancient written 
records, in tlie reimria by people atill living, telling of present desola¬ 
tion where onco tliey saw green fields, and in the ruins of once prosper¬ 
ous cities now buried in Hand, we have botanical evidence in the buried 
and fossiUEsd remains of trees of siK^iea wliidi can grtjw only under 
more moist conditions than now exist. Other evidence is seen in the re¬ 
mains of Chinese HgricuUural activHj- north of I he Great Wall, whi^re 
now it is impossible, and in the mereaeing occurrence of dust storms 
spreading down over China, even as far as Canton. Probablyj this pro¬ 
gressive df’-Hiccation is a result of a progressive change in climate, and 
nothing will stop it except a reversal of the trends In this advance of 
the desert tlie conifers succunib first, and then the nmples, oaka, walnuts, 
and other hardwood trees. The poplars, elms, and willows survive 
the longest, and these constitute the principal trees found Luday in the 
towjie and cities along the Yellow Eiver and the edge of the Gobi 
Desert. In some plac:es one fiiida the fruitful jujubes or Chinese dates 
cultivated or wild. For people who are accustomed to seeing the best 
of woods used in ship construction it is rather hard to imagine boata 
made of willow planks, hut, having no better material available, boat- 
huildcra on parts of the Yellow River or Hoanglio must of neceesity 
use this material 

Loasa MoioN 

The diiat blown out of tho Gobi Ife?ert baa throughout the 
settled down on rejgions to the eoutli, building up gr^t depots of 
the dlstitictive material called loess. This deposit varies in thickneaa 
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from a few inches to several hundred feet and covers a large area in 
Blaiisu, Shensi, and Shansi. (For approximate location, see map, fig. 1.) 
The climate of this area is essentially continental, and the vegetation 
is scarcely better off for quantity of moisture than is that in the Gobi 
and Ordos Deserts. Most of the rain comes in July and August. How¬ 
ever, the fine loess soil holds by capillarity the water which it does 
receive and raises it from the water table to heights where deep-rooted 
plants can reach and use it. The loess itself is highly fertile, and good 
crops of shallow-rooted plants can be grown where sufficient water 
c^ be brought to the fields. Thus, the loess region is better provided 
with vegetation than is the desert, but yet, as compared with the rest 
of China, the plant cover is woefidly thin. In composition this vege¬ 
tation is closely related to that of central Asia and the desert regions. 
Jujubes, poplars, elms, and willows constitute the principal woody 
plants. There are no endemics. In all probability forests grew here 
in former tim^, but scarcely any remnants are left today. As wood is 
lacking there is little fuel and practically no timber for building, but 
the happy circumstance that the loess deposits can be tunneled into 
without caving in enables whole villages to be carved out of tlie cliffs, 
and wood need be used only for doors, window frames, furniture, and 
farm implements. As the walls of these cave dwellings conduct little 
heat, the houses are cool in summer and warm in winter. 

The great problem in the loess region is that of erosion by water and 
by wind, aided by violent earthquakes. With such unstable conditions 
prevailing and with the inliabitants scraping the hillsides for every 
possible bit of fuel, a thriving native vegetation could hardly be 
expected, 

MIDDLE CHINA 

The bulk of the flora which is commonly thought of as character¬ 
istically Chinese is found in the great basin or basins of the Yangtze 
Eiver and its tributaries. This is the largest floral province in China 
and extends from the Tsinling Mountains, southern Honan, and north- 
central Anhwei and Kiangsu on the north to the northern border of 
Kwangsi, the northern portion of Kwangtung, and southern Fukien, 
and from the coast of the China Sea, except parts of Fukien and 
Chekiang, westward to the lower parts of the high snow-clad moun¬ 
tains in the west. The plateau of Yunnan lies witliin this floral area 
The Tsinling Range on the north effectively cuts off the cold winds of 
central Asia and pemits the vegetation toward the south to thrive 
under the more benign influence of the summer monsoon from the 
southeast. Hence, in contrast with the cool-temperate flora of north¬ 
eastern China and the desert vegetation of the Gobi and loess regions, 
we ^d m middle China a warm-temperate or even, in places, a sub¬ 
tropical vegetation. It varies, of course, with the distance from the 
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sea and tbe consequent intensity of the rainfall and its distribution 
through the growing season. The monsoon reaches the Yangtze Kiver 
in April and Kansu in late summer. Furthermore, the regularity of 
the monsoon winds decreases toward the north, where, because of the 
caprices of these winds, occur most of the well-known periodic famines 
of China. For instance, that of 1877 and 1879 in Shansi was the result 
of a continuous current of air flowing down tlie Yangtze Valley which 
prevented the monsoon winds from the south or southeast from reach¬ 
ing northern China as they usually do. 

As in most of the northeastern floristic region and in the semi- 
tropical part to the south one of the most significant features of the 
vegetation in middle Cliina is its alteration by man. Wherever agri¬ 
culture is at all possible, we find the native wild vegetation entirely 
replaced. The demands of the dense population for fuel and other 
plant products are so great that the original vegetation on the neigh¬ 
boring hills, which cannot be cultivated, has been lar^ly destroyed. 
Only the hardiest native plants remain, unless protected by temples 
or monasteries or sometimes by enterprising villages in communal 
forests or woods- True forests remain only where they cannot be ex¬ 
ploited profitably because of their distance from rivers oh which logs 
can be floated to market In consequence of the almost complete 
alteration of the native vegetation in the various large basins and 
valleys which comprise this area, we can leam of the original vegeta¬ 
tion of middle China only by studying the forests still remaining on 
the major divides. 

The northernmost forested area is the Tsinling Range lying south 
of the loess area and dividing the Wei and Han Rivers in southern 
Shensi. It extends eastward into Honan where it is much less prom¬ 
inent. The eastern part of this range reaches up to 12,000 feet in 
places, high enough to have subalpine rhododendron thickets above 
a zone of firs {Abies) ^ pines, birches, and willows. Somewhat lower 
down, especially on the southern side of the range, occur forests of 
deciduous broadleaved trees, as in northeastern China, but containing 
species less tolerant of the severe winters of that area, such as ash, 
liquidamber, Fortunea^ Paulowniay Catolfa^ AUanthus or tree-of- 
heaven, and even bamboo. 

South of the upper part of the Han River, forming the northern and 
eastern border of Szechwan, lies the Ta Pan Shan, which, together 
with the Tsinling Shan, is the eastward extension of the Kuenlun 
Range separating Turkestan from the Tibetan Plateau. Forests of 
great commercial importance are found in the Ta Pan Shan in 
Szechwan, soutliern Shensi and western Hupeh. From them much 
timber and many other products, such as various gums, resins, nut 
galls, edible fungi, and medicinal plants, are exported to adjacent 

680760—14-23 
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populated areas. These forests contain many of the same species of 
trees as are foimd in the Tsmgling Shan, with the addition of some 
more southern species such as Dali^ergia hupeana^ valued for its 
heavy^ close-grained wood used for farm implements, oil presses, and 
similar objects. The boats built on the Han Kiver are better than 
are those built on the Yellow River, for here are found many more 
suitable woods, among them being Patdmimia and Catdlpa. 

South of the Ta Pan Shan in eastern Szechwan is a hilly area where 
many trees are grown for their commercial products, especially wood 
oil {pL 8, %. 2), varnish (pL 8, fig, 1), and wax, and mulberries for 
their leaves to feed silkworms, and bamboo for its multitude of uses. 
These trees are also grown throughout most of the Red Basin of 
Szechwan. This province is so well protected from the severe conti¬ 
nental climate of central Asia by mountains on the north and west 
that it has in places an almost subtropical vegetation. Much fog 
occurs here in summer; indeed, the name of the next province toward 
the south or southwest, Yunnan, means ^^south of the clouds.” The 
high humidity is especially favorable for plant growth, 

South of the Yangtze, in southern Szechwan, Kweichow, south- 
western Hupeh and western and northwestern Hunan, are more 
mountains whose forests have been saved from exploitation by their 
inaccessibility. In general, these forests have the same coAposition as 
those on the Ta Pan Shan, but there are in addition many species with 
more southern affinities. The important southern fir, OunnningJimnia 
limceolatay which also is found north of the Yangtze River, but not 
north of the Han Ho, is found here. Western Hunan and the ad¬ 
jacent parts of eastern Kweichow have been very important centers 
of timber supply to central China for many centuries. Here are 
found pines of species different from those of northeastern China, 
also Cedrela a northward-extending member of the mahog¬ 

any family (Meliaceae), the camphor tree, and nanmu {Pko^e 
a tree of the laurel family (Lauraceae) with exceptionally 
valuable wood, various oaks and chestnuts, and many others. It has 
been reported that there are in Hunan many forests or woods planted, 
protected, and managed in a very satisfactory manner by clan effort. 
These are located away from the main traveled routes and are not com¬ 
monly seen by people just passing through. 

Another important forest-bearing area is the Nan Shan Range, 
a broad, irregular mountainous tract extending east from the Yunnan 
plateau and separating the Yangtze valley from that of the Si Kiang 
or West River in Kwangsi and Kwangtung. In its inaccessible parts 
are forests, primarily of the oak-chestnut formation. These are, 
however, mere remnants of the vast, rich forests which once grew here 
and include, of course, many other species than oak and chestnut. 
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Along with those species which form the forest canopy are found also 
memters of the tea family (Theaceae) j essentially a subtropical group 
of trees and shrubs. Characteristic of the lower woody plants are 
members of the laurel family (Lauraceae), Indeed, the members of 
this group in middle China are so prominent that the vegetation of 
central China and Japan is sometimes referred to as of the “laurel 
type,” Conifers are not abundant, but the south China fir, Cunning^ 
hamia Icmceolata^ thrives here and is the most promising tree for re¬ 
forestation, The more primitive people dwelling here use this species 
in maintaining forests in northern Kwangtung and elsewhere. It is 
encouraging to read that where Chinese are in close contact with these 
earlier inhabitants of the land, they are using this same species in re¬ 
forestation work. This fir is very easily grown, because it sprouts 
readily from the cut stumps and may be grown from cuttings. The 
only other conifer with the natural ability to propagate vegetatively is 
the Sequoia or giant redwood of our west coast. 

The only other major forested watershed of middle China is formed 
by the mountains of southeastern Ajihwei, Chekiang, Fukien, north¬ 
eastern Kwangtung, and the adjacent border of Kiangsi. In this area 
are still found some fine and even fairly extensive coniferous and 
broadleaved forests, the former of several valuable species, the most 
important being red pine {Pinm maasaniana^ pL 2), the funeral 
cypress {Cupresma funehTiB)^Cryptom€fnajaponi€ay and the southern 
fir {Cunminghamia lanoeolata). The principal broadleaved trees are 
camphor, oak, chestnut, and Ormosia henryi of the pea family, Manj 
of the species found her© occur also in western China, Although we 
commonly think of the flora of eastern China as distinct from that of 
western China, because of the different flora of the intervening area, 
yet on careful comparison the east and west are found to be too much 
alike to be properly considered as distinct. This is good evidence that 
originally the flora of the central region was the same, but that its 
character has been materially altered by man. These forests of south¬ 
eastern China also have de^ite southern affinities. In the southern 
part are many species occurring in Kwangtung, Hainan, and even 
Indo-China, but in the northern part there is a much smaller propor¬ 
tion of southern specie. 

These forests are, of course, being extensively exploited, but Dr, 
H. H. Hu, of the Fan Memorial Institute of Biology, who explored the 
region about 1925, reports that conditions are not so serious as they 
are usually depicted by western writers and that in many regions 
the forests are properly cared for. With proper governmental pro¬ 
tection others can be restored. 

The plants occurring in the larger part of Yuiman belong to the 
middle China v^etation. East of the high mountain* of this province 
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lies a large highly dissected plateau ranging downward from about 
4,000 feet altitude. It has a warm-temperate climate with more tropi¬ 
cal conditions in the lower parts of the valley, as along the Yangtze. 
The vegetation of this part of Yunnan is, therefore, subtropical with 
warm-temperate elements. In general, the hills are less denuded 
than in the eastern mountains of China, owing in part to the lesser 
Chinese population and the greater abundance of Thai, Shan, and other 
non-Chinese peoples. These latter inhabitants are less agricultural 
than the Chinese, hence the wild vegetation is less disturbed. They 
do, however, affect the vegetation adversely to some extent by clearing 
the hillsides and cultivating them without terracing or using other 
means to reduce erosion. In 2 or 3 years, when the fertile soil is 
washed away, these areas are abandoned and new fields are cleared. 
The abandoned fields may eventually revert to the original forested 
condition, but only after a succession of stages, some of which are very 
undesirable. 

Taken as a whole the flora of middle China is warm temperate with 
admixtures of subtropical families, genera, and species. It is rich in 
endemics and includes most of the eastern Asiatic-eastern North Amer¬ 
ican species and genera (pi, 4, fig. 2). The Japanese flora, except for 
that of the more tropical parts, is essentiaUy of the same type as that 
of middle China. 

TKOPICAL AND SUBTROPICAL SOUTHERN CHINA 

In this area is found the extension into China of the tropical or 
subtropical jungle vegetation of Indo-China and the Malayan region. 
The area comprises all or most of Kwangsi, most of Kwangtung, the 
coastal region of Fukien and part of Chekiang and, of course, of 
the islands of Hong Kong and Hainan. The lowland vegetation of 
Formosa and that of tropical Japan arc of this type. Climatically 
the region is dominated almost wholly by monsoon winds, which 
bring an abundance of rain from March or April through October, 
with relatively little rain from then till March again. The Nan 
Shan Range on the north cuts off most of the coldest winter winds 
from that direction, so the winters are milder than in middle China. 
Freezing temperatures are very rare near the coast. Judging by 
the jungles still found in Hainan and by the oases of tropical vegeta¬ 
tion still found in a few remote mountain ravines and around temples, 
and in comparing this area with places in other parts of the world 
which have a similar climate and formations, but which are as yet 
^devastated, it is rather clear that large broadleaved evergreen rain 
forests formerly occurred where we now find only grass-covered Mils. 
ThB amount of cultivated land in this area is relatively small, con¬ 
sisting mostly of the rich delta of the West, North, and East Rivers 
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and their rather narrow valleys, and of similar delta areas along 
the coast- Her© the luxuriant vegetation is under complete controlj 
and the hills that protrude through the delta plains are given over 
to the graves of past generations on which the cattle graze. There 
is little room for native forests and no incentive to develop them, 
Hainan Island, being more thinly populated with Chinese around the 
edges and with more primitive peoples in the interior, still has 
tropical jungles, which vary in character at different altitudes. On 
the higher parts are oak-chestnut forests with broadleaved evergreen 
rain forests below. 

Hong Kong Island and Kwangtung are botanically the best-ex¬ 
plored parts of China, the flora of Hong Kong published in 1861 being 
the first reaj plant manual of any part of the country. The flora is 
rich in species but poor in numbers of plants. In Hong Kong much 
reforestation has been carried on by the British, and the appearance 
of that island contrasts sharply with that of adjacent islands and 
the mainland. The red pine {Pinus maasordanu) occurs widely 
throughout south Cliina, usually planted more or less widely spaced 
on the mountains, but sometimes as groves, and occurs spontaneously 
as a forest tree in the mountains of Fukien and Chekiang. The wide 
spacing of the planted trees encourages the development of side 
branches, which are eventually cut off (pi, 2) and used as fuel in 
brick and lime kilns. The groves are needed for geomantic or *^fung- 
shui’^ purposes, to propitiate the evil spirits which are popularly sup¬ 
posed to infest the country (pi, 4, fig. 1), 

Another common tree in the region is the banyan, of which there 
are several species (pi, 5, fig, 2), These trees have little use as fuel 
or timber. Hence they grow unmolested, spreading wide over the 
villages and temples their huge branches from thick, gnarled and fur¬ 
rowed trunks, which rise from a broad, often exposed base of tangled 
roots, Palm trees, mostly cultivated, can be seen in places, and 
clumps, groves, and even small planted forests of bamboo add much 
to the picturesqueness of the landscape. Planted or possibly spon¬ 
taneous along the muddy tidal canals and channels of the delta occurs 
the water pine {Glyptostrohua a close relative of the bald 

cypress of our southern swamps. Strangely enough this species has 
been found in abundance growing spontaneously on hilltops in 
Kiangsi Province in middle China, Our own cypress will also grow 
in much drier situations than in its characteristic swamp habitat, 
especially with human encouragement. 

The vegetation of Kwangsi Province is very similar to that of 
Kwangtung but has more forests and perhaps a few more Indo- 
Chinese species, at least in the south, (See pi. 3), Extensive 
botanical collections have only rather recently been made, and as yet 
little has been written of the vegetation of the province as a whole. 
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SOtlmWESTt^N TEllPTl^AL TlJNSAJf 

The Bouthwc^etii port of YuunAi^ sfljsc^nt tjp Biirmet is under tho 
infliiimce of the raonsoon winds which in summar flow from tlie Bay 
of Bcngid iaden with nioisiuro. Tlie Jower portions of the great 
X>Hrallel gorges, which are such a prominant feature of western Yun* 
nan, lie under the influence of these winds and are fiUed with luxuri¬ 
ant rain-fore&t vegetation. Here most of the trees are overgrecn, 
and the jungles are flUod willi hanae, pain is, tropical nettles, and 
oUier cbarHcteristio plants of the dense rain foreste. This flonstic 
region of China is only an «»xt<<n8ion of that of Burma and Siam. 
Many of the very numerous species of plants occurring hero are Indo- 
Malayan or are (■harauterlstic of tropical Indio. As in uttier tropieaJ 
rain forests, malaria is common and conditions are unfOTOrable for 
human IiabiUitiun. This diffeuity is overcome iJi some of the gorges 
by building the villa^ Iiigh up on the sides, whence the people 
deacand to tlie fertile river bottoms to till their crops. 

Southern Yunnan also has a highly tropical vegetation with many 
species of plants which likewise occur in Hainan and clsewiiere in 
southeastern China, but with a gap between. There is, however, in 
the valley of the Red River and adjacent streams a dry ansa of limited 
extent due to local variationa in climate, 

THE HIOHLANDB OF WKflTEHN CBICq'A 

The western and northwestern portion of Yunnan is botonicalJy 
more or less distinct from the great dissected plateau to the east and 
the Jiionsoon-drencbed mountains and lower ends of the gorges to 
the south. In thesa deep gorges flow the great rivers which arbo 
on the Tibeton plateau and cut across the eastward and northeast' 
ward eiteiiidoji of the highest mountaina of the world, tlie Himalayan 
Range. Originally tiieue mountains extended in on cast-west direc¬ 
tion, but their deep intersection by southward-flowing streams bos left 
the intervening ridyaa stretching north and south. The original 
mountain peaks tower up to over 20,000 feet, ivell up into the regions 
of perpetual snow. It is obvious that this trcmcnduiia range in alti¬ 
tude and the extremely nigged character of the land would greatly 
aflwt the type of vegetation found in the region. 

When tlie ntoisture-laden monsoon winds from the eotithwest are 
forced to rise up the slopes of these mountains they loss their load 
and are diesipated. Hence the vegetation in this region is lees lux¬ 
uriant than that farther south. Another meteorological phenomenon 
that occurs in the gorga results in very arid eonditioas. During the 
day the sun heats the air in these cl«8ed-in canyons to a temperoture 
much above that in the side canyons and on the Burroundbg moun- 
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tRiiiB, About tbe middle of the eftcrmoon this hwtud air suddenlj 
starts te rise and creates such a current ihal any aLtetupts of moisture- 
laden monsoon w inf Is from the south'wcst to penetrate the area are 
ooitipleteJy thwarted. This dry area occurs in the vallayfl of the Sal¬ 
ween, Mekong (pi- fig. !)» end Yaugtaa Rivera. On the Salween 
it begins at about the SSth parallel but farther south on tha other riv¬ 
ers. On the Yangtze it includes the gf»rgaa around the great bend 
north of Likiang. 

Tliiia only drought-resistant stunted shnibs and moisture-holding 
herbs can survire here and tlie vegatnltou in port is related, to that of 
Central Akir. A strange exotic is an American cactus {Opuntia) 
which somehow reached this out-of-the-way land and found con- 
ditione favorable to ita growth and survival. Its seeds and fruits 
are eaten by men, beasts, and birds. How it arrived is quite un¬ 
known, Possibly it was brought by some missionary long ago or 
possibly it came wUli some caravan from the Near East where it woa 
introduced soon after the discovery of America. 

Higher up on the mountHiufl faiciir great forests of deciduous tre*a 
of varietts kimla, then conifers in zones (pi. 6), then rhododendron 
thickets, and finally alpine formaLioiis of various kinds, especially the 
gorgeous alpine meadows. Here is found tbe rich vegetation so 
eagerly sought for by plant, explorprw in senrcli of ornamentals for 
western gardens, especially rock gardens (pi. fi, 1). Ttus is tho 
plant-lover's paradise, for from this varied region have come many 
of our most esquisite rhodfxlendroiKit, [irimulos, poppies, larkspuio, 
iittd iilher garden favorites. Here oectir vast forests, mostly as yet 
(incxploitcd, a future storehouse safe from, the ax until railroads 
and roads have opened it up. 

The area extendi! northward from Yunnan through eastern Sikaug 
and Tsinghai to western Eansu. It is peopled largely by Tibetans 
and hue toien called Tibetan (^ina. On the east It merges with the 
more temperate or even subtropical vegetation of Szechwan and on 
tho west with the grasslands of Tibet. 

In respect to affinities this rich fiora contains many elements of 
the Himalayan flora of northern India, in contrast with that of 
tropicai Yunnan, which is largely Indo-Malayan. It contains also 
a large number of endemics as well a« clementa of the flora of middle 
China. TimnaTi as a whole has the richest flora of any of the IS 
provinocs uf China, having over 6,3(W specii?®- This is not surpris¬ 
ing in view of the great divereity of climatic and physiographic w>n- 
ditions, tins proximity of a great variety of floras of different 
composition and origin, ond the long unintetrupted geological history 
of the larger part of Uie province. 
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Far back in geological history, in the Oligocene period, Eurasia 
was divided by the Tethys Sea, which occupied about the present 
location of Burma, Assam, and Tibet and separated China from 
India. Asia was a continent of undulating wooded lowlands without 
high mountains. The flora was probably fairly uniform. Later 
mountains were formed which upset the climate and brought about 
a diversified flora. Finally the Himalayan uplift occurred, which 
eliminated the Tethys Sea and replaced it with the world’s highest 
mountains, through which the rivers from the uplifted Tibetan pla¬ 
teau cut transverse courses. In the succeeding Pleistocene period 
huge glaciers developed in these mountains and spread out north¬ 
ward over the southern half of Tibet and east and south over western 
Yunnan. Thus the plants of these ice-covered parts were wiped out, 
but, because of the limited spread of the glaciers eastward, the vegeta¬ 
tion of central and eastern Yunnan remained. It may have been 
altered and forced southward but was not destroyed. Wlien the 
glaciers receded, this altered vegetation spread back into the released 
western part of the province, and the plants of Indo-Malaya spread 
northward again. At the same time conditions were favorable for 
the flora developed in northern India to invade this territory. Hence, 
the Yunnan flora today contains elements from the diverse floral 
regions round about, as well as remnants of the early flora developed 
in the province in earlier geological times. The lack of extensive 
glaciation in north China, such as occurred in Europe and northern 
North America, accounts in part for the richness of the flora of China 
as a whole in comparison with that of the heavily glaciated continents. 

THB GICAasnANDS OP EASTEBN TIBET 

The grasslands of eastern Tibet lie in the new provinces of Sikang 
and Tsinghai west of the great mountain ranges of western China 
and extend somewhat into western Kansu Province (pi. 7 , fig. 2). 
These lands are the home of the Tibetan nomads where flocks of yak 
are herded and the people live in yerts or felt tents. The vegetation 
is almost entirely composed of grasses and grasslike plants, with 
many herbs remarkable for their ability to burst forth early in the 
short growing season, cover the landscape with a riot of gorgeous 
color, and quickly ripen and shed their seeds before the early winter 
forces them into dormancy again. Shrubs and trees are few or 
wanting on the uplands, but exist in the sheltered valleys and in belts 
on the mountains, where the clouds are forced to drop more moisture. 

The vegetation of these grasslands is essentially central Asiatic and 
alpine, and the few woody plants and trees are largely of northern 
affinities. 
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TIBET 

Besides the floristic provinces already discussed as extending into 
Tibet, namely^ the arid valleys of the great rivers draining south¬ 
eastern Tibet, the high mountain vegetation of the Tibet-China bor¬ 
derland, and the grasslands, Tibet has two other areas. These are 

(1) the northern and northeastern parts, called by F. Kingdon Ward * 
the Chang Tang or Great Plain, including the Tsaidam in Tsinghai 
Province, the whole draining entirely into salt lakes and swamps, and 

(2) the outer plateau part north of the Himalaya Mountains drained 
by five great rivers, the Indus, Tsang Po, Salween, Mekong, and 
Yangtze, The divide between these areas is generally low and rather 
imperceptible. 

The Great Plain and Tsaidam on the north at an altitude of over 
8,000 feet have a rainfall ranging from almost nothing at all to only 
10 inches per year. The flora, according to Ward, is extremely 
meager and consists of about 53 species of plants, with only 3 woody 
genera and no endemics, nearly all being central Asiatics. A richer 
vegetation could not exist in such an extremely dry and severe climate. 

The outer plateau toward the south has a better climate, with rain¬ 
fall ranging from 10 to 20 inches per year. Its altitude of around 
12,000 feet, with its exposure to the cold winds of the north, permits 
only a limited and rather xerophytic flora to develop. However, there 
is sufficient moisture and protection, at least in the river valleys, for 
the development of an alpine and semidesert flora, the dominant woody 
plants being willows, poplars, junipers, and certain elms. At the 
head of the gorge country toward the east are found some forests. In 
the gravel portion of this plateau, in the vicinity of Lhassa, Ward 
reports that 541 species of plants are known. It is in this part of 
Tibet that the bulk of the population is found, 

THE ECONOMIC BOTANY OP CHINA 
CONCERNIXa DITORISTATION 

The most outstanding economic problem of China is raising food 
for her more than 400 million people. So intense has become the 
struggle for food in China that little energy has been left for the 
consideration of other problems. The need for more and more food 
has been met by increasing the amount of food grown on an acre of 
land and by increasing the acreage. This has been accompanied by a 
steady increase in the human labor expended and in the taking of 
land away from other uses, notably the taking of forested land. In 
the wake of these changes have come numerous other problems which 


* See hli A sketeh of the geoffraphj and botany of Tibet * * \ Joorn. Llnneao Soc., 

Botany, toL 50 . pp. 230 - 205 . Uloatr.. 1035 . 
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have demnnc]<d adjiliftTTtent, welt aH iha loss of timber and plant cover^ 
tbo expDSUro of the bills to erosion (pi. 1, %. 1), the destructioo. of 
agricultural lands through washing sway and silting, and & host of 
other consequences. As in other countries, the demand for increased 
crops and more tillable land has fallen on individuals and small 
groups, who in many, if not most, cases liave been unable to meet the 
resulting larger problems and who have in time been reduced to the 
dirsst |ioverty nr been driven away from the lands tliey so urgently 
need to areas where tliey can only eke out a bare subsistence and repeat 
the destructive processes. Tims, tie;Ei to agriculture, leforebtation is 
tbo most urgent economic botanical problem in China. Many refer* 
ences have already been made to this subject, but its importance 
justifies separate oonsideration. 

The major cause of forest destruction in most areas, at least in tlie 
past when there were extensive forests, wae the need for agricultural 
land rather than for the products of the forests. The Bonie is true in 
some regions today, aa is shown by the wanton uhaiidoning of thou* 
sands of board feet of merchantable timber, as was observed by W. C. 
Ijiiwermllk in his studies in Shansi. After the lowlands were cleared, 
this demand for more land could bo met only by terracing the blLbidea 
(pL 1, lig. 1}, progreasing gradually higher and higher until the slopes 
became too sleep for cultivation even by these means. Even on the 
stUl steeper and higher slopes agriculture is often possible for u few 
years without terracing by growing, at least in north China, special 
crops such as maize or Im^an com and potatoes, both originally fram 
America. Soon, however, tha soil w'osh^ aw-ay and the fields must bo 
abandoned. 

The second most important cause for the forest removal is the need 
for forest products, especially timber. With tha gnidual removal of 
the timber near centers of population the quality of tbo lumber de¬ 
creased and the price went up, so that die stmidard of living fell lower 
and lower, filucli of the timber now seen rafted to market in China 
would not be transported in America even for fuel or pulpwood. 
WJien the huge wotMlen pillara of the Temple of Heaven in Feiping, 
originally brought down from Maneburisi, were destroyed by fins, 
tliey cuuhl only Iw replaced from the fir forests gf the northwestern 
United States. But the common man cannot rebuild with imported 
lumber; he mnat use sun-dried bricks or mud plastered over kaoliang 
stalks.* Every stick of available wood must be used for the best pur¬ 
pose to which it can be put. The ever-incteasing demand, as the 
population has grown, has led to more and more euiUng of the forests, 
then to scratching the treeless hillsides for whatever would oerve as 

■WNPtkng I* » TKiIttr flf iteriOMiia iwcDtiilsa JtaBr «oii» which U Iparidtlf 

■row Cl lt> Aiiii«f|«w. Kacllanc addi lb Shantuuit ■valnd 0B« of lb* vut roratlddl of 
tUlSdli iJiil Idwa, 
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fuel. It is little wonder, then, that the hills near the great cities are 
denuded. 

A factor favoring destruction in some areas has been the fear of 
wild animals, such as tigers, leopards, and wolves, and of wild men 
or bandits, who, indeed, may be the very people who in the first 
instance lost their land through erosion and then turned to banditry 
in order to maintain life. Thus forests have been cut down and the 
new growth kept under control by repeated burning, till grasses were 
thoroughly established which can now be replaced by forests only 
with the greatest of difficulty. It has been reported that hillsides 
have been burned over so that the ashes will wash down and fertilize 
the cultivated lowlands. 

It might be supposed that the obvious value of the forests to the 
country as a whole would have led to governmental control of cut¬ 
ting and to repl’anting on an extensive scale. Such has indeed oc¬ 
curred in certain ancient times and has been resumed in the modem 
period of China’s awakening. But governmental control in China has 
long been weak, and the Intense preoccupation of the people with the 
struggle for existence has prevented any general demand for im¬ 
proved conditions. It has been observed that in the Ming and Ching 
Dynasties the officials were drawn largely from the “lit^ti” or 
scholars of the country, who, though they appreciated the forests 
around the villages and temples, were little inclined to protect, main¬ 
tain, and develop forested areas. They left the problem to the lower 
classes, who had little or no vision beyond their narrow fields nor 
means to carry out what little tliey did have. Furthermore, the 
rulers, unlike many of the feudal governors of Europe, were not 
given to sports requiring hunting preserves. Hence, no wild areas 
were protected for their immediate owners and for posterity, as 
happened in Europe. An exception is found in certain imperial 
hunting preserves in north China, most of which, after the fall of 
the Empire in 1911, were sold by the abandoned and impoverished 
Manchus for commercial exploitation, so that they themselves might 
still subsist. This lack of interest in forests on the part of the 
“literati” rulers has prevented the Government from protecting any 
private investment in maintained forests, so that the common people 
have been unimpeded in their seizing of whatever they could. Even 
safe titles to nonagricultural lam^ could not be had, so that there 
was little incentive to private iniuative in forest development, and 
lumber companies could profit only by quick and complete exploita¬ 
tion of whatever concessions they could obtain. 

Even the little protection wWch the Government could give in 
peace times has been impossible in times of war. During these crises, 
especially following the revolution in 1911, forest destruction has gone 
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tin unliindered. Becords of tbo Tuiping RebelJitm are full of ftc- 
countii of destruction of trees and forests* In 1811 there were large 
forests on lioh Fau Shan about SO niiles east of Canton, but Prof. 
R, Mell reports that by 18S1 only a sixth of them were Uft and by 
now they are probably ail g«:me. I^h Fau Shan was, for at least 
10 years following lft22, a bandit land where no coremment 
dared intrude. 

Along with tho weakening and modernizing of the Government 
following the revolotion has occurred the steady decline in the in- 
duencc of the Buddhist temples and monasteries, which liave Inn g 
protected their encircling forests and jungles ae part of their reverence 
for wildlife. But as their oflicial state support dwindled they, like 
the abandoned Manchu officials, gold their assets for commercial 
expioUalion. 

The factors making tor preaerration of forests in Cldtia are far 
weaker than those making for destruction, but are, nevertheless, worthy 
of some consideration. Forv-tnost among these is the difficulty of trans* 
porting the forest products in areas distant from rivers and streams. 
Where trees must be carried for long distances on the barks of coolies 
over simple mountain trails, forests can lemain (pL 0, £g. 1). Until 
Ibe motor or railroad age reaches western China its vast, forests aro 
safe. Liikewiso the Duddhiat philosophy of the preservation of all life 
and the demands of that religion for isolated seclusion have pi^erved* 
thronghout the ages many remnants of the primeval forest and even 
aided new forests to grow up. These preserved oases arc of great 
scientific value in showing what the original native vegetation was and 
thus enabling modem reforestation to proceed on a sound biological 
foundation. 

'Hie empliasis that western writers luive put ou the destruction of 
Chinese forests has often blinded people to the practico of forestry 
that has existed in the country even for many centuries. In places 
there are clan or community forest projects, a few of which have al¬ 
ready been referred to, W. C. Lowdennilk has menlionod seeing well- 
managed communal forests that exceeil any similar enterprisus, even 
those of Germany, Foresters who have visited some of the more in- 
accessible parts of Kwangtung and Kwangsi have been surprised to 
find thriving reforestation projects using the southern fir {Cunninff- 
hamia lanccoJata^f grown when young under the shade of manihot or 
cassava bushes. They report thatlhis is largely the result of a greater 
appreciation by the aboriginees of the value of trei^ and that the 
Chineso near ^em are favorably influenced to adopt their methods. 
These efforts at reforestation probably result largely from the need 
for forest products. Indeed throughout much of Kwangtung the 
growing of the red ptna (jPmua mouoniona) for fuel, including the 
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branches for brick- and lime-kiln fuel, may be considered in this same 
light, though the scattered way the trees are grown hardly leads to 
real forests. 

Scientific reforestation has made a beginning in China. Its first 
attempts were in Hong Kong under British supervision and in Shan¬ 
tung when it was under German control. In the former colony there 
has long been a forestry department, and much replanting of the hill¬ 
sides with native pine has occurred. In Tsingtao foreign trees, includ¬ 
ing American black locust, Scotch pine, and many others, have been 
successfully used. Nanking University and Lingnan University have 
contributed much to the program, and Sunyatsen University has had 
an active forestry department and careful studies have been made 
leading to a thorough program of reforestation. Experimental plots 
have been tried with various trees, some of which are encouraging, 
others not so promising, Cunninghamia is the most promising for 
the higher parts in northern Kwangtung, but it proves to be unsuited 
to the lower lands. Here must eventually be established evergreen 
tropical forests on the now grass-covered hillsides. This transforma¬ 
tion cannot be made in one step. Instead intermediate growth must 
be established using carefully tested trees, capable of growing well 
on these open hillsides, such as possibly JEucalgptus of selected species, 
Dalbergia sisoo^ a leguminous tree from a similar formation and 
climate in Assam, the native Pinm Tnassoniana^ the chinaberry tree 
{Melia azedaraek)^ wood oil {Aleurites spp,), Leucasna glauea^ and 
others. An enlightened insight has come to the leading scientific men 
of China, but as yet it has not come to the masses, 

THE USES OF CHINESE PLANTS 

Almost all the Chinese prescientific interest in plants from the mythi¬ 
cal scholar Shen Nung of 2000 B. C, to the beginning of the scientific 
period in China in the present century related to their usefulness to 
man. The same was true in western countries, for the earliest Euro¬ 
pean botanical books, like those of the Chinese, were herbals or books 
on the medicinal and food-yielding properties of plants. Even today 
most people are economic-minded. Ask any person not trained in 
science about a plant and his reply will be either that it is a weed or a 
useless plant, or that it is ^of some good”—that is, useful. So we find 
a vast storehouse of information on useful plants in Chinese literature, 
but little if anything concerning noneconomie plants. 

The first great use of plants to man is of course for food, and in 
this field the Chinese excel. Whether it be their greater control of 
prejudices against certain food plants as lowly, unpalatable, or harm¬ 
ful, OF whether the constant recurrence of disasters which hare taken 
awaj their normal foods and thrust them back against the evil choice of 
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starving or of eating whatever can he consumed regardless of prej¬ 
udice, it is hard to say. But the fact is that in China more kinds 
of plants are eaten than in the west. Famines have occurred in 
the west, but never was there written outside of China a book telling 
what to eat in times of famine, or a “famine herbal,” such as that 
written by Chu Ibiao in the fifteenth century under the title “Chiu 
huang pen ts’ao.” This book has been issued in many editions, sev¬ 
eral in Japan, and large parts have been translated into western 
languages. 

Intensive agriculture is probably more highly developed in China 
than in any other part of the world. Throughout its thousands of 
years of growth methods have been found that derive from the sod 
almost the last possible ounce of food, but at the same time leave 
the land capable of growing more crops indefinitely. Of course 
modem scientific agricultural methods can make and are making 
valuable contributions to Chinese farming and furnish explanation 
for many of the empirical methods used in China, but at the same 
time the west is learning much from the east. Certain food plants 
have long been grown in China which the west is only beginning 
to appreciate (pi. 9, fig. 2), and we are discovering there methods of 
storing and marketing which we can well consider. For example, 
in 1924 P. H. Dorsett, agricultural explorer for the United States 
Department of Agriculture, studied for the first time the methods 
used near Peiping in handling the large persimmon crop. The fruits 
mature throughout the fall. When fresh, these large tomato-sized 
orchard fruits are too full of tannin to be eaten. Hence, the first 
of the crop is carefully treated in a hot-water bath for about 12 hours, 
which process removes the tannin and renders the fruits readdy 
marketable. The bulk of the crop, hovrever, matures late in the fall. 
Most of us in the southern and south-central United States have 
learned that persimmons picked before the frosts of early winter will 
pucker one s mouth, but that those gathered later are good. This 
fact has never been used for commercial exploitation of the American 
persunmon, but the Chinese have applied the principle on a large 
scale and millions of persimmons are stored in special outdoor beds 
where they quickly freeze (pi. 10, fig. 1). Not only are they thus 
rendered delicious by the removal of the tannin, but they are also 
preserved, so that they can be marketed throughout the long winter, 
being thawed out only as needed. Frozen or frosted foods in the 
west are of ve^ recent development and require complicated arti¬ 
ficial refrigeration. The Chinese industry resulted from the careful 
development of the right varieties or forms of persimmons, grafted 
on the proper stock, and grown in a country where natural freezing 
IS possible. Also the size of the crop must not bo so great as to 
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flood the facilities for early treatment by hot water^ or to flood the 
early market, nor too great to be consumed before the heat of spring 
and summer finds unsold stocks in the storage beds. 

So it is with many other food plants and methods. We in the 
west, handicapped by our pre]udices of taste, have only probed the 
surface of Chinese agriculture for new food plants, or new forms of 
old ones, or methods of handling them. Of course the major diffi¬ 
culty lies in the fact that labor is cheap in China and agricultural 
methods give scant consideration to the human efforts expended, 
whereas in western agriculture labor must be saved at every turn. 

Next to their use as foods, plants are sought by man the world 
over for their medicinal virtues. In China food and medicine are 
closely linked, and a skillful housewife of the wealthier classes keeps 
her family in health by the right selection of foods from the great 
range available, rather than by the administration of drugs. A 
Chinese pharmacopoeia is full of food plants. It contains likewise 
a far larger number of drug plants than do our western medicinal 
handbooks, which, indeed, with each new issue list fewer and fewer 
plants as sources of useful drugs. Many of these Chinese drugs 
and their plant origins have been examined by modern scientific 
methods and some have proved of real value, as the ma-huang, the 
desert plant Ephedra dnwa^ which has long been used in China as a 
haemostatic and for the treatment of asthma, and only relatively 
recently adopted into western medicine. Other Chinese drugs have 
proved of little or no value, such as ginseng, long valued highly 
in China as a giver of fertility. As far as western science «an de¬ 
termine, its virtues are purely psychological, and the plant is not 
included in our pharmacopoeias. However, only the surface of Chi¬ 
nese medicine has as yet been scratched by modern science. 

Plants as givers of building material probably rank in importance 
ahead of their use for medicine. The supply of wood exerts a pro¬ 
found influence on Chinese life, for in western China, where the 
population is thinner and wood more abundant, we find it much used 
in house construction, but in most parts of China, mud or bricks, 
either kiln-burned or sun-dried, are used, the mud plastered over 
kaoliang stalks in the north or over bamboo or other materials in 
the south. In the latter region bamboo frames covered with palm- 
leaf thatch are often erected for temporary buildings. Few who 
have seen the construction work in any of the large cities, especially 
in the central and southern parts, have failed to marvel at the 
strength, magnitude, and skillful fabrication of the scaffolding erected 
by lashing together bamboo or pine or fir poles with seemingly frail 
strips of bamboo and with no use of nails. The lack of wood for ties 
or sleepers is a great handicap in the building of railroads in China. 
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AUhouf^h coftt, oil, iitid natur&t are used io China as sources of 
heat, their limited distlibation and the high coat of transportatioa of 
such bulij materials prer«tit their general use throughout the coiinlry. 
Instead wood and charcoal are buriied, except where their leek forces 
I»ople to comb the countryBide for whatever will give off heat. Quan¬ 
tities of rice straw and kaoliang stalks are likewise used ferfuel,andthe 
leaves, grass, pine needles, and weeds garneml from the hillsides find 
their w^ay into the stoves in quantities just sufficient to maintain the 
minimum of vearmth. This combing of the hillsides removes the po¬ 
tential humus and protection needed for seedling trees and shrubs 
and prevents tlie restoration of the woody cover (pi, 4, fig. 1), The 
tushes go to the fields for fertilizer. Charcoal is a favorite fuel because 
its light weiglit enables a coolie to carry on his shoulders more po¬ 
tential heat than if ha were carrying wood. Nothing is wasted in 
China. Of course much of the heat problem is solved by tlie w'eoring 
of more clothes, which in turn is relat^ to anotlier plant, cotton, 

B<^de3 food, merlicinc, building muterial, and fuel, plants also 
fumiah fiber for clothbg and other teitiles. Cotton is by far the most 
important, ^ it is the most economical. Wool is leas economical be- 
cause land is required to feed the sheep or goats, but cotton grows 
directly, thus produeirg more •^warmth*’ per acre in spite of its lesser 
insulating properties. Silk is a luxury, yet probably a greater re¬ 
turn per acre of land can be obtained from silk than would be possible 
from wool, l^cai]» of its greater value and tho export demand. Al- 
tliough the silk cornea from an insect, the induetry is essentially based 
on the culture of the mulberry, which grows well in all the warmer parts 
of aiina, but especially in the delta of the West River m Kwangtung. 
Here tho long growing season permits the development of sufficient 
leaves to feed three and sometimes four or five generations of silkworms 
per year. In some places in north-central Chirm, where the mulberry 
will not grow, silJpvomiH are fed on certain oak leaves. Many other 
fibers are grown in China. An important crop in parta of Chihli 
Province is tho dung ma or American ]utc {AbvHltm theephragii), a 
m^ber of the mallow family (Malvaceae). This is grewn as a sub¬ 
stitute crop when otJiere have failed for a eeasou. From it is prndneed 
a fiber, which, when mixed with other fibers, is used in the manufac¬ 
ture of brocades and silk substitutes, 

Mony kinds of plants find usee in the tnanufacture of Llie numerous 
articles uh^ in China. Much Uiought has been given throughout the 
ages to their cultivation, selection, and adaptation to special uses. Al* 
though mariy plant sources liave been scientifiodly determined, many 
othere remainosyetunknown. Ithasoften been diflicnl t to determine 
what plaiita furnish tho materials from which even well-known manu¬ 
factured articles are made, and ereu today many may not be rigiitJy 
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named. Indeed, some of the plants may not yet be known to science, 
for only about 3 years ago it was found that the lo han kwoh, a long- 
known Chinese fruit of the melon family (Cucurbitaceae), repre¬ 
sented a new species, and the same may well be true of some industrial 
plants. Often a manufactured product or food comes from a special 
variety or form of a well-known plant, which has been developed in 
a limited isolated region never visited by anyone with an inquiring 
scientific mind. Likewise many processes of manufacture have not 
been adequately described, for few observers give attention to the 
many minute and apparently trivial details of the intricate processes 
of turning raw materials into manufactured products or of preparing 
plants for food. 

It is Impossible within the scope of a paper dealing in a broad way 
with the botany of China to do more than suggest the existence of the 
fascinating field of economic botany. To discuss the plants from which 
are manufactured paper and textiles other than those already men¬ 
tioned, or from which oils, resins, gums, varnishes, dyes, drugs, and a 
host of other products are extracted, would require far too much space. 
The subject of the uses of the many kinds of bamboo alone is itself one 
for a separate book. One of the great fascinations of China is the 
finding of the different ways in which things are done. A factor 
which makes for the ready observation of such things is the home-and- 
shop method of manufacture of numerous articles, in contrast with the 
closed-factory method used in this country. Generally, too, the people 
are responsive to an interest in their occupations and the methods 
used. 

THE EXCHANGE OF USEFUL PLANTS WITH OTHER COUNTRIES 

Most of the important crops of Europe and North America 
originated in Asia. Likewise the most important crops of China are 
introductions, wheat being a native of southwestern Asia, kaoliang* 
probably of India, and rice of southern or southeastern Asia, as far 
as known. Many plants were exchanged between Europe and China 
in early days along the caravan routes across central Asia and Persia, 
as has been told by B. Laufer, of the Feld Museum in Chicago, in his 
scholarly study under the title “Sino-Iranica: Chinese Contributions 
to the History of Civilization in Ancient Iran, with Special Beference 
to the History of Cultivated Plants and Products,” The taking of 
useful Chinese plants to Europe has already been mentioned al the 
major objective of most western botanists in China. In recent years 
the methods of search have been much perfected, and the results at¬ 
tained have considerably affected our economic life. 


* See footnote 8, p. 8S0. 
0e«T«6-^l-84 
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Of all the p&its of thfi world fpom which plants may be inlrodnced 
into Europe and America, China is the most prnmieiti^ because of the 
great number and dircrsity of tlte plants occurring there and beenuso 
most of them are Temperate Zone plants, hence suitable for cultivation 
in other temperate regional Another factor is that during the long 
developniEUitof Chinese agriculture many new Ttrictics and forms have 
l««n selected am] developed which are alsio table for our use. 

Many kinds of introduction^ have been made from China, Some are 
ornamentals for adorning our gardens, others are new food plants or 
new varieties or forms of old ones, or discase'raaiatant forms, and still 
DtJieiB are plants needed in industry, such as wood or tutig oil. 
Furthermore, some plants Iinve liesn introduced for special protective 
plantings, such as the Chinese elm {ffiTnwt pumSa) from dry north 
China, much used in our well-known Prairie States alieltar-belt project, 

lie meting used by plant explorer? vary according to their ob- 
jecUvee, their own individual peculiarities and abilities, and the 
rc^ons in w-hich they work. Most of them have been sent by soma 
ecientific society or government to collect living plants, seeds, or cut¬ 
tings. Other? have been foreign residents in Chinn, teachers, mission¬ 
aries, or consular officers, who have obtained materia] in their spare 
time, or as part-time col ia bora tors with their home govern ments. 
Some explorers have traveled far and fast with little baggage, picking 
up the most promising plants from here and there for mailing home. 
Still others have traveled in larp parties with full equipment and 
many helpers (pi. 6), usually with official military escorts. Some¬ 
times they have gone unobtrusively about their work, speaking the 
language wd mingling with the people elr one of tiicm, or perhaps 
working with or through a trained native assistant. Some of our ex¬ 
plorers have established themselves with full equipment in some large 
city near the region to be explored, from which they have sailied forth 
on frequent joumeya into the country. This enables them to return os 
often as ntjceauaiy to the same place to see the dilFerant stages of de¬ 
velopment of plants they were gathering, or the local process ol 
harvesting and preserving them. Frequently in working m this man- 
tier they first visit the markets to diacover what finita mul vegetables 
010 being offered for sale (pi. 12, figs. 1 and 2). Then they find whence 
they came and finally visit the farmers who raised them. One of the 
plont oiplorer's greatest problems is packing and skipping the eewls, 
cuttings, and full plants to their new homes, ho that they will arrive 
safely and in viable condition. Tlmy must also be disease-free, so 
t^t they may po^ tha rigid quarantbo established to keep forrign 
diseases from reaching plants in Lhia couctiy not immune to their 
ravages; Often them eollectois have endured great hardships, and 
a number have died in the field as a result of privations. Mirny, too, 
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bAVfi lived to see fruitful fields itt Lhaii* Uomelaiid bearing valuable 
crops as a result of tbeir hard labors in distant Chins. 

The plant-disease aspects of plant introduction are very important 
and interesting. In 1813 after the chestnut-bark disease, then of 
unknown origin, hud begun its devastating attack on 11 l 19 highly 
important f orest tree in America, Frank N. Aleyer, well-known United 
States Departniant of AgricuUura explorer (pi. 11, fig. 1), discovered 
the same discoso in China. He also found that the Chinese chestnut 
Lrees were able to survive the attacks of this disease, suffering only 
wounds from which they could recover (pi. 10, fig. 2). 'the evidence 
is strong that by some unknow'n means thb disease of the inner bark, 
caused by a fungus called Endothia paratitka^ found its way into 
thiH country where our trees were nut Inumme- To replace our 
doomed chestnuts the United States Department of Agricultaro has 
obtained large fpiantities of seed from selected Chinese trees which 
have survived the disease and are therefore known to be immune. 
Hence, iu the course of time, we will have new chestnut trees for shade 
and chestnut bark for tannin. 

Another aspect of the plant-disease problem is the introductiou 
from Chinn of insecticide plants. A few yeaj^ ago the casual dis¬ 
covery of an article published in Chinese in a current entomological 
periodical from Chekiang Province revealed the use there of on in¬ 
secticide powder prepared from the roots of TripteryffhiM wi?/ordw, 
a shrub of the staff-tree family (Celasttsceae). Tliis organic pohton, 
long known in China, is far superior to miacral poisons, such as those 
prepared witlj arsenic, because it disintegrates and beoomea hannless 
by the time vegetables and fruits sprayed with it are ready to he 
eaten. Plants of tliis species were obtained by the United States 
Department of Agriculture through consular offioei^ and Chinese 
plaiiUuiien for experimental cultivation and mveetigatioM in this 
countiy. Great benefits nra likely to result from this introduction 
when the details of its growth and preparatioa have been perfected. 

Many other example might be given of various benefits to tins 
couulty resulting from plant introduction. In like manner China is 
dcstin^ to benefit from importations from the United States and 
other temperate regions. As yet Ettle attention has been given in 
China to this method of helping to solve her food problems, but be¬ 
ginnings hove been made In extending the work on a scientifio basis. 
In certain parts of China, as for example the higher parts of Kansu 
Province, it would be possible to grow more nutritive plants than are 
now commonly cultivated, if the right varieties adapted to their par¬ 
ticular climates and soils could be found. Keferance has previously 
been mafls to the jntrt>dut:tioti of foreign trees for planting In inter- 
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mediate stages in the reforestation of denuded mountams. A number 
of foreign trees have already been planted for this and for various 
other purposes in China, especially black locust from America, which 
is being grown to furnish much-needed railroad ties. The possibili¬ 
ties for more profitable introductions are almost endless, and with the 
cessation of the present war, rapid progress will undoubtedly be 
made in introducing plants, as well as in using more effectively and 
scientifically the rich Chinese ffora for the benefit of mankind in 
China and elsewhere. 

SELECTED BIBLOORAPHX OP GENERAL WORKS ON CHINESE PLANTS 

The following list contains the major general works on Chinese plants, espe¬ 
cially those which might he useful In Identifying planta Some other references 
are giren eonceming the Tegetatfon or phytogeography of the country and the 
history of botany in China, and a few works are listed by which Chinese names 
of plants may be Identified with their Latin or English equivalents. For other 
notes on the literature of Chinese botany see pp. 333-^34. 

Beetschneider, E. T, 

1898. History of European botanical discoveries In China. 2 vols. London. 
A facsimile reproduction was issued In Leipzig in 1^. 

Yjtnq. 

1937. Chung hua ahu fen lei hsueh. 1,544 pp., lllustr. Nanking. 

An illustrated manual of Chinese trees and Bbrnbs. In Chinese with Latin 
names. 

CfiOW, HANG-FAIf. 

1034. The fantUlar trees of Hopei. EniJish ed., 370 pp., Ulnstr.; Chlaese 
ed., 269 pp., IJJustr. 

Chun, WooN*Toima. 

1922. Chinese economic trees. 309 pp., illustr. ShangbaL 
Chttno, H, H. 

1924. A catalogue of the trees and shrubs of China. Mem. Sel. Soc 
China, vol. 1, No. 1, pp. 1-2T1. 

This is a check Hat of Latin names only* 

Diels, Lunwio. 

1900-1001. Die Flora von Central China. BoL Jahrb., vol. 29 Hefte 2-B 
pp. 169-650, LetiniK. 

A systematic treatment in German without keys or descriptions, except of 
new species. 

Dunn, Stephen T., and Tdtchee, William j, 

1912. Flora of Kwangtung and Hongkoug. Kew Bull. Misc. Inf Add 
Ser., No. 10, 3T0 pp. 

A systematic work with keys but without descriptions. 

Forbes, Feancis Blackwell, and Hemsi^y, W* Bcuting. 

1880-1905. An enumeration of all the plants known from China proper, 
Formosa, Hainan, Corea, the Luchu Archipelago, and the Island 
^ Hongkong . . . Joura Llnnean Soc. Undon, Botany, vols. 23, 
26, and 36. 

The most complete enumeration ever published. See p. 330 for further data. 
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HaOTEI^MazZETTI, HEnfBlCH. 

1931. Die pflanzengeograiibtsclie Gllederong und Stellting Chinas. Bot 
Jahrb., toL 64, Heft 4. pp, 309-323. Leipzig. 

Abstracted In Engnsh in Abstracts of Comtnunications, FifCh International 
Botanical Congress, Cambridge (England), pp. 316-319, 1930. 

Hu, Hsien-hsu. 

1936, The characteristics and aflinities of Chinese flora. Bull. Chinese 
Bot. Soc., vol, 2, pp. 67-S4. Peiping. 

Kuko, Chino-lai, et al, 

1013. Chlh wu haneh ta t*zn tien, or Botanical nomenclature. 1,726 pp., 
Ulustr. Shanghai 

This lUnstrated botanical dictionary containing Latin, Chinese, Japanese, 
German, and English names Is largely translated from Japanese. Probably 
It la mostly correct 
Lee, SHUTi-cHhNo, 

1935. Forest botany of China. 991 pp., illustr, 

A syBtematlc treatment with descriptions of all Bx>ecles, but often botanically 
inaccurate, 

Lru, Ju-ch1ang. 

1081. Systematic botany of the flowering families in North China. 212 
pp., illustr, Peiping, 2d ed., 1934. 

This Is not a general manuaL 
Matsuicuea, Jir?z0. 

1915. Bhoknbutsu mei-t. (Eeirlsed and enlarged.) Ft 1, Chinese names 
of plants. 405 pp. 

By means of this work the Latin equiTalents of Chinese names of plants may 
be found, especially those mentioned in the Chinese classics. 

MEBfiiLi., ExAf Ea D., and Wai^kee, Eobeet H, 

1938. A bibliography of eastern Asiatic botany. 719 pp., 2 maps. Arnold 
Arboretum, Jamlca Plain, Mass. 

A source for flndlng mncb literature on numerons subjects. 

Bhaw, Noeman. 

1914 Chinese forest trees and timber supply. 351 pp., lHustr. London. 

A description of forests and trees from the commercial foresters' point of view. 
WeLSOW, KB^CST H. 

1914 A naturalist in western China. 2 vols. New York. 

A very readable account of the author's explorations. 
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Pi_ATE 1 



1. Barren, Eroding, parti ally terraced mountains in North China, 
bill only I'lfer litcim lihmhs, sni«U wild fujube tm?s, and jrnisses cbthe Ihc 



2. A Typical Farm Scene in Middle China, 

Tho trees mark the ^ ^u^or temples. all the remalnini: lanil helnc iistni f.ir urowtnE rice. 

fmph hy P. H, Dorsi'U, eouru^isy IT S. Di'penmvnt of Aprieultuiv.) 
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Plate 5 



i. High Alpine Plants *n the Likiang Snow Range. Western Szechwan.*^ 

These medusa-headed conifiasites icucf^ma) were found at 15,500 feet attkuciCi about the utmer 

limit of plaul ttrowth. Such alpine ireasurf+s an' among the goals of plant Q;iploivrs. (Phoioeranli bv 
J. F. Hock, ^ XatioTial Ooograpiiic Society.) ^ i j 



2 . A Banyan Tree (Fjcus lacor) in Szechwan Province 


rhase venerabU* trv^ spread wide their huge branches fmm short* gnarled trunks. Amonc rho i 

™noldArtorotum,?^Incense sticks, (rhotograph by E. 0.\Vi]^n| 
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1. Ancient Mud watchtowers in the arid Mekong Valley in Yunnan* 

Com has bc«ii harvested in the fotecround and compost piled for the mtX crop, acatteird troos, probably 
pines, cover the distant heights. (Phoiograph by J. F. Rock, © National Geographic Society.) 



2, Grasslands OF northeastern Tibet* 

* party iTssUng for lunch. Note the itlmost complete' lack of woody plants. When the spring 
>SbnaJ*fieSraphlc inde^ clothe the hills In a riot of color* (Fhotograph by F* H, Wulsin, ig) 
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Plate 9 



T. HANO-NEWN HEMLOCK TJMBERS EN ROUTE TO MARKET- 

These mcASure 7 by 9 inebes and aits 183{> feet Juiir and wi>ii;h nearly 400 pounds. Wlipn sueh mrans of 
tron.^port are replacied by trucks and trains, the remaining forests may be doomed. (Pbotograph by 
E. n. W'^ilson, Hjurtesy Arnold Arboretum j 



2, An Old Orchard of jujubes or Chinese Dates Near peiping. 

Winter wheat is planted in rows in this orchard. It maltes a good growth before the leaves of 
spring cast too much shade. Jujube orchards are now established In Callforida. (Photograph by P. H. 
Dorsett, fjourtesy U. S. Department of AEriculture.) 
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1. Millions OF persimmons frozen Solid in Natural cold-storage 
BEDS Near Peiping. 

Note the bundJi'S of kaoltaiig pJawd across mounds of earth* thus cnahlirip the coltJ air to penetrate 

under the fmit. Thin mats are spread over the top. {Photograph by P. D. Dorsett, courtesy U. S. 
Deportment of Agriculture.) 



2. Slight-RESISTANT Chinese Chestnut Trees (Castanea 
MOLLISSIMA) iN A CHIHLI PROVINCE ORCHARD* 

Note the healing scars of branches killed by the blight and the crop planted beneath the trw's 4merlcan 
chestnut trees would have died* (Photograph by F. X, Meych courtesy T. S* Department of 
culture*) 













Smithfoman Rtport, rM3.—Walker PuATE 11 



2 

li 

£ 

u 

a 

c 

u 

n 

( 

0 

> 

u 

h 

4 

a 

L 

it 

t 

i 

{ 

i 


i 

c 



CH?NENSISnN'sHANsf^^ PiSTACHE TREE (PtSTACIA AZALEA BUSH (AZALEA INDICA) IN HONG KONG IN 1928. 

The trunk is about ft throuj^b-. (Fboto^gmph courtesy U. S, I>oi>art' This la In the Honn Konp Botanical Oanleii* He is now diroctor of the 

tneut of Agriculture,) Lu Shan Arhorotmn in Yujmau, (Photoerapli by H. kciit Boattlo.) 
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Taking accnmit of natural conrees of rubber is a scientific task of 
enormous proportions, irliich as yet has receivud only casual and intcr- 
mittentatlentionH Onlya few species huTO been studied and evaluated, 
while thousands are known to contain rubber, and other tbousanda 
doubt leas remain to be diseorered. KuLber iind njblwrlike suliKtancea 
are not restricted to plants that hate latex, the milky juice tliat ia car* 
ried in minute tubes apart from tlie other ttwiues. T^atex may hoye 
functions in the plant economy other than the storage or transfer 
of the rubber*forming material, but nothing lias l)ecn found to indi-* 
cate that the rubber material itself is more then a waste product, like 
the resins, tannins, or lignins that arc formed in the yarious groups of 
higher plants. Thus no biological limit con be set to the need of a 
general survey of the plant kingdom. 

A beginning of tho %arch for rubber resources may be reckoned 
from a century iigo, when the Para rubber tree in the forest of tlie 
Amason volley began to be exploited on a large scale, after the Castilb 
or Centnd Aniericon rubber tree, tha original source of oommeixual 
rubber, was largely exhausted. To the middle of tha loot century most 
of the rubber had been obtained from tha Castilla tree, and Brazil has 
continued to furnish Costilla rubber from the tnon remote or less 
accessible districts. The Costilla rubber is handled in Brazil under tho 
name cim^Ao, while the Para rubber is known aa borraoha. The com¬ 
mercial preponderance of the Pam rubber in recent decades has left 
the Castilla rubber in such obsirurity—or even obliyion—tliut popular 
writers were led to suppose thot the history of rubber began in the 
Amazon valley. In reality the Catrtilln rubber had been known in 
Mexico and elsewhere in tropical America for more than three cen¬ 
turies before the Para rubber became prominenL 
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The Peru rubber tree was not widely ntilizMl in the early days be¬ 
cause mtich mure labor was required to get the rubber from it Qian to 
gather the rubber of Castilla, A Castilla tree was exploited in Braail 
in a single comiikte operation — felling the tree and ringing the trunk 
ill niBuy places, thus obtaining several ^xiunds of rubber, often 10 to 
20 pound^while a Para rubber tree had to be punctured repeatedly 
through weeks and months, and the later collected in doily drihlsta. 
But with the greater demand for rubber and the rapid advance in 
prices after the middle of the last century, following Goodyear’s im¬ 
provements of manufacturing processes, the gjitliering of Para rub¬ 
ber waa greaQj stimulated. Tlis discovery of vulcanimtion is dated 
from 1830, and Gsodyear obtained his patent in 1844. 

TVhen Richard Spruce, a first-rank botanical explorer, landed at 
Para in 1840, be found that thft tapping of the Para rubber tree was 
“limited to tbs immediate environs” of the city, but in a few years of 
rising prices thousands of people turned to gathering the Para rubber. 

The ettroordlnarj price leacticcl by rubber to Pari In 1853 at leusth wefce 
iqi Lbe pwpie from their letbareyi and wlieo once eet tn nation, ao wide was tbc 
Impnlae extentjeil that thTiaijthoat tba Atwiisoa anU IH principal tribotailet Uie 
nfcHHn uf the pf>|jti-lll-t ion put Itfwlf iij m-citloti Kftrcili atvfl fAbrIcflt.'H m,feibcFh 
In thA nmEll proTlnee ot Part alone (which Judtidca a small iwjrtJon nf the 
AmAEODl \t wAft cDinputa^ that iwraom were In tliMi branch 

fft indnatry. MBchanlcH threw ualdc tbetr tiwla, auEnr-amteerQ d«»rte4 their 
mlila, and Indlj^nA thetr rogaa* hj that eugatt mm, and even farlnha w^re net 
produced In auflkient iioimtltj for the wnaitiBpUoa of the pfOTlnca. 

Spruce TFaa told earlier periotl when the rtihbcr trees had b^en 
felled for tapping, and be inferred fitum this that the method of bar- 
vesting had been changed in the inter^t of obtaining more rubber “by 
successive tappings of the same tree.” Since felling and ringing tbe 
trees was the usual procedure with Castilla in South America, a trati- 
Bition frem Castilla to Para rubber is indicated. Some of the up-river 
tribes that Spruce visited die! not know that rubber was being gathered 
from tbe Pare rubber tree. 

WH Y THE, TWO PEINClPAl HUBPER TIIEE3 ABE COXEUHBO 

Tha generic name ^TtpAojiia, dating from iTOl, w as used by Spruce 
for the Para rubber tree, and for several related species that he dis¬ 
covered in BrsEil, such os Siph^nia IvieOj S. pav^ftora, and S. dU- 
ecl 0 r. The use of Sevea instead of Siph<»iia by Mueller von Aar^u 
in 1863 was a mistake, and has led to much confusion in the histories, 
habits, and uses of the two prindpal rubber treeH. The native name, 
hive, the original of ffeveo, did not belong to the Para rubber tree or 
even to the Amanon valley, but to the Castilla tree and to the district 
qf Esmeraldos on the Pacific coast of Ecuador, visited by La Ckmda- 
mine in ITS®. The Para rubber tree and the related species of Sipho- 
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ma do not extend beyond the Andes, but only to the eastern foothills 
of the mountain barrier. The natural distribution of Castilla in¬ 
cludes most of tropical America from Brazil and Peru to Mexico, 
but not the West Indies. 

Writers who traced the origin of the name Hevea to the district of 
Esmeraldas naturally inferred that the Para rubber tree was first 
discovered on the Pacific coast of Ecuador, though some have assumed 
that Esmeraldas was a locality in Brazil. As late as 1876 James 
Collins, the most competent author on rubber of that period, contrib¬ 
uting to a book on ‘‘British Manufacturing Industries,” represents 
La Condamine as finding Para rubber trees, “siphonias or seringas in 
great abundance,” along the Pacific coast, “adjacent to the sea.” 

The usual supposition that rubber history began in Brazil arises 
largely from the fact that rubber was coming from Brazil in the days 
of Goodyear, but the preceding centuries of rubber history should not 
be disregarded—three centuries in Mexico and at least one century in 
Brazil. The first rubber industry in Brazil was the gathering of 
Castilla rubber on the eastern slopes of the Andes, as witnessed by 
La Condamine when he descended the Amazon in 1743. This indus¬ 
try entered Brazil from the Spanish settlements on the Pacific coast, 
and spread eastw ard through tlie Amazon valley, until it was replaced 
or at least overshadowed at the middle of the next century by the ex¬ 
ploitation of the Para rubber tree, beginning abound Para and spread¬ 
ing westward, as witnessed by Spruce. The word eaucko came from 
the west with the Castilla industry, the word horracha from the east, 
with the Para rubber. 

The primary error was made by Aublet in 1776 in associating the 
vernacular name heve from Esmeraldas with a native rubber tree of 
French Guiana. But Aublet’s H&oea had been discarded as a hom¬ 
onym in Lamarck’s encylopedia, and replaced by Sipkorm. To 
overlook this fact was a technical error, violating one of the basic 
rules of nomenclature, that names abandoned as homonyms are not to 
be resumed. The name Hevea doubtless will continue in popular use 
for many years and will only gradually be replaced by Siphtmia, An 
alternative is to treat Hevea as a popular name, like petunia, aster, or 
chrysanthemum. The name Para rubber tree is familiar and not 
equivocal. 

It seems remarkable that Spruce should have botanized in so many 
places along the Amazon witliout encountering a single Castilla tree 
from which it may be inferred that a nearly complete extermination 
had taken place. Many other botanists, before and after Spruce ob- 
tamed no specimens. The Castilla of the lower Amazon had no botani¬ 
cal ^atus until It was described by Warburg in 1905 as a new species, 
C asma vlet, named for Ule, the coUector. This tree may be less strik- 
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ing than the other species of Castilla in Mexico and Central America, 
since the leav^ are smaller, but the trees grow large and yields of 
30 to 50 pounds of rubber are reported. 

The confusion of the names might be supposed to have little rela¬ 
tion to the study of practical problems, since the two types of trees 
are entirely unlike in appearance, habits, and cultural requirements, 
Castilla is a striking, large-leaved tree like a magnolia, while the Para 
rubber has the appearance of an ordinary tree—an ash or a boxelder. 
Although nobody who knows the two trees would be expected to con¬ 
fuse them, yet much confusion regarding their characters and behavior 
has existed and still continues, even among those concerned with rub¬ 
ber experiments and projects. The commercial, industrial, mechan¬ 
ical, and chemical aspects of the rubber problems have been intensively 
elaborated, but not the plant-Hfe aspects. Not many tree crops have 
been domesticated, and people rarely have experience of a kind to 
make them familiar with such differences as those of the rubber trees. 

Outside of the Amazon valley, popular knowledge of rubber trees 
in tropical America has related almost entirely to Castilla, with the 
Para rubber tree coming forward only in recent years. The uncon¬ 
scious carry-over of ideas from the Castilla to the Para rubber bas 
occasioned many destructive errors and interferences, even to the ex¬ 
tent of Para rubber trees being cut down as complete failures because 
they did not yield latex freely like Castilla, This reason was given 
for cutting down several Para rubber trees in an experimental plant¬ 
ing in Haiti. One of the stumps survived for many years, as shown 
in plate 11. 

On account of confusion of the trees, a certain indifference appears 
when the planting of Para rubber is advocated by speakers or writers 
not familiar with the Castilla tree. Separate recognition of the two 
trees in the minds of interested people is the first step toward effective 
understanding and utilization of either of the trees in tropical Amer¬ 
ica, or of both together. Castilla may serve under some conditions 
as a nurse crop for the Para rubber, but the extraction of the latex 
will need to be done in a different way, 

COMING OF THM RUBBEB AGB 

Enormous resources of Para rubber were discovered in the forests 
covering the valleys of the Amazon and its principal tributaries, and 
yet in a few years all the accessible areas were being exploited, more 
wild rubber was being sought in other continents, and the question of 
planting rubber trees was being raised. In 1876 Wickham made his 
famous shipment of Para rubber seeds to the Kew Gardens near 
London, for planting in India, and 20 years later the first commercial 
planting of Para rubber was made in Malaya, The search for other 
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sources lapsed when tbe plojitmg project came through at tha begin¬ 
ning of this century, and hdyv is largely forgotten. From Goodyear 
to plantation rubber was only fiO ycarst and 90 more to the present 
time. 

The rapid advance of mdustrial civilization in the United States 
during tliis short period is viewed with coniplacency as the *’Kubber 
Age,” usually without reflecting that in most of the other countries tho 
utilization of rubber is only at the sta^ of bcgiiming. The eventual 
Deed of rubber lutnjt be, In many parts uf the world, iiundreds or 
thousands of times tho merely *Hoken” requirements as yet recognized. 
Not only tho populous countries need rubber, but the waste places ha ve 
even greater ne^, the vast areas of denuded lands, scarcely populated 
now, but to be made aouei^ible and liabitable by means of rubber. 
Every nation will need rubber. Developing adequate supplies of 
rubber is a basic provision for the general advanco in human welfare 
that DOW is oontemplatod- 

Bubber has come to be a normal need of civilized people, hardly less 
tlmn food, clothing, and shelter. The power of motion Is an enlarge¬ 
ment of our lives that we purchase at any price. Tho wider attain¬ 
ments and satisfacti one of this nibher-bfought ft^dom still are beyond 
the range of construedvo imagination, but there is no thought of turn¬ 
ing back to our previous immobile stale. We have tried our new legs 
and wings, but have scarcely learned to use them. Even with us the 
Rubber Age lies mostly in tho future. The futility of all the world 
depending on the production of a single rubber tree in a single region 
is amply demonstrated in the present emergency. The production of 
Para rubber is being decentralized os rapidly os possible, and many 
other tiviCs, shrubs, and herbaueuuti rubber-ljearing plants are being 
studied, with special attention to those that can live outside the 
Tropics. The hardy £'trcOTnnita tree from China, if it produced rubber 
instead of gutta-percha, undoubtedly would Iw hailed as one of tho 
most valuable int rod net ions. The rubber crops of different countries 
eventually may bo os diversified as tJie sugar crops or the starch crops, 
after the cultural qualifications of the various rubber Itearers have bc^ 
determined. Only a beginning could be made in this scieutifii; project 
with the intermittent interest and support that could be obtained while 
it appeared that ample supplies of rubber w'ere assured from tlie plan- 
tationa in MaUya. 

A NEW PyiT W or SmtAW ATraiNSfENT 

From a acieniillc viewpoint the course of human progress is entering 
a new realm in adopting and developing the uses of rubber. Pro¬ 
found changes are involved, comparable to tlioso encountered by our 
primitive prcdcrtssocs in adopting fire, contriving tools, weapons, 
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hunting gear, and fishing tackle, discovering fish poisons, building 
houses and boats, domesticating food plants and animals, developing 
textiles, ceramics, and graphic arts. All these activities and attain¬ 
ments, superposed and interacting with each other, were modified in 
many ways when metal tools replaced wood and stone, and again when 
iron and steel could be substituted for copper and bronze. Rubber is 
a material with new and different properties, not a food or a textile 
or a metal, but not inferior to any of these in its powers of modifying 
and transforming the activities and conditions of living in our civiliza¬ 
tion, Rubber had only a few uses among primitive peoples, but with 
us the uses are so many that no limit can be imagined, if our civilization 
is to continue. 

Rubber is a new realm not only in the sense of being only recently 
entered, but also as causing many abrupt chants in the lives of millions 
of people. Little analogy is found with the gradual developments of 
other natural resources that have altered conditions of life in the course 
of centuries. Rubber already has brought many profound transforma¬ 
tions to vast numbers of people, leaving very little of their former lives 
unaffected. In view of the extent and rapidity of this transformation 
it doubtless will be reckoned in the future as one of the major events of 
history, and yet the botanical basis and background of the change 
attained no public recognition during the first quarter-century of 
intensive utilization, 

SERVICE or RUBBER TO SCtENCB 

Rubber is serving civilization in so many ways that efforts to enu¬ 
merate them become tiresome, but services to science often are omitted 
from such reckonings. Not only are airplanes, automobiles, trucks, 
speedboats, and countless other machines dependent on rubber, but also 
a world of scientific apparatus, the veritable tools of investigation. 
What would chemical laboratories be without the equipment made 
possible by rubber tubes and gaskets, or electric research without 
insulation ^ That chemistry should have achieved at this juncture the 
knowledge and skill to make synthetic rubber will doubtless feature 
with future historians as a “decisive battle’^ in the scientific field, an¬ 
other escape of civilization from a major disaster. The development 
of synthetic rubber lends a new interest and significance to natural 
rubber,^ 

Another service to science is seen in the special studies of the rubber- 
bearing plants, many of which would otherwise have remained but 
little known, as most of the forms of plant life still are, especially in 

* A dlBcuMlon of iynthetle robber ana of chenile&I rwnrdi connected wia mbber MU 
be fonnd in i paper entitled Bobber Indnatry, lS3a-l930(" by W. A, Glbbone, Ann. 

Rep. Smltbionlan Init. for 104O| p. 103,1041. 
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tropica] countries. Onl^ a few of tbo species that are kno^m to con¬ 
tain rubber have as ^et been accessible to compenitive study, but even 
tJiese preliminary surveys have opened new chapters in botany. That 
many unknown and imcipected features should be found among the 
rubber-bearing plants need not be taken tn mean that sudi plants aa a 
dass arc peculiar, but only that our knowledge of and interest in the 
plant world still are strangely limited. 

BunnzE nwoovzHiEs AcemEnrAn 

Many writers have stressed the fact that Goodyear's discovery was 
made accidentally, and this is truct to an even greater eitent, of other 
contributions not lefls signiJicant than Goodyear'a to the development 
of the rubber industry, Goodyear’s contribution is in no way dimin¬ 
ished by recogiiliing that the services of other men were likewise 
indispensable. Wic^am’a exploit of iSTfi in sending rubber seeds 
from Brazil to Ei^gland for planting in Tndin ia frequently recounted, 
but two other names should be as widely recognized: L& Condamine, 
who waa concerned with rubber a centuiy before Goodyear, and Rid¬ 
ley, who came half a centuiy after Goodyear. 

Wickham’s exportation of rubber gcc^ from Brazil and Ridley's 
discovery of a tapping methid at Singapore were both voluntary 
contributiona due soiciy to the interest and initiative of the two men 
involved. Ifeithcr had gone to the Tropics to study rubber, and the 
serrice« that they rendered had not been planned or expected. Cross 
was being sent to Brazil at the time that Wickham was obtaining his 
shipment of 70,000 seeds by persuading the captain of a tramp 
steamer to take a chance of being rewarded. Previous seed shipments 
had failed, and that method of introduction was being abandoned. 
Cross, a few months later, took home a thousand young seedling 
plants, but only a few survived. Without Wickham's seeds the ex¬ 
periments of that period could not have reached a practical ocale. 

Ridley's solution of tlie tapping problem also came, so to epeak, from 
the dde lines. Specialiata in plant physiology had been sent to Ceylon 
and a station establiHhHd fnr experiments with rubber trees, but under 
a policy of tapping tho trees by metbudH carried over from Brniil, 
such diBCOuraging rosalta weiw obtained that Ridley had difficulty in 
getting his facts considered, Without the spoutaneoua interest of 
these two men, the history of rubber culture must have been com¬ 
pletely different. 

Even with these contributiona, the outlook for rubbor planting 
remained doubtful until actual production was demonstrated, As 
late OB IWO unfavorable opiniona of Para rubber were reported in 
Java, where experimental studies of tide and other rubber plants 
were supposed to have recoived more attention ♦hnw in the British 
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eolonies. Further planting nf Para rubbar as a regular firop wag 
no longer considered adnsable on the basis of careful studies bj? 
agricultural specialists. For Java it appeared that Ficus dastica 
WHS tJiQte promising, and even on the general question of rubber 
plantations the Dutch investigators wera said to have reached an 
adverse conclusion, on account of the small prosi>ect of meeting the 
expanse of competent and honest administration of the estates. 

THE FIRST EUROPEAN TU APPRECLATE RUBBER 

Tho statements of metiy books that rubber tras “discovered** by 
La Condamina in ITStJ, aro miBleoding, since rubber undoubtedly 
bad been kncnri and used by native peoples over most of tropical 
Anterica through many generations. Many travelers nod explorers 
had visited Ame rica before La Coiidamine, and several had reported 
I he existence of rubber, but none had considered rublier as more than 
a curiosity, one of the many murvels of the New World, but with no 
impression of practical value. La Condamine was the first European 
to become constructively interested in rubber—the first to see that 
this tough, elastic Hubataiice might become valuable material in France 
and other eivilired countries. 

Alexander von Humboldt and many other European travelers 
visited ti'opieol America before and after La Condamine without 
receiving, or at leaet without reporting, any such impression of the 
{xitentiai importance of rubber. Tlitmsaudfl of Europeans—soldiers, 
sailors, missionaries, travelers, and settlers in America—had seen and 
handled rubber, as shown by c-asiial references in several eorly books 
on America. Man 3 " incidental uses were noted by Sahagun, who 
reached Mexico in 1628, and by Hernandez, who came in 1570. Saba- 
gun also dweribed ninny religious ceremonies among the Axtecs in 
which Castilla rubber, or was used with copoZ as a. burnt offering, 
or made into sacped images of the gods. The resemblance of rubber 
to a living animal or to human tissues may be reflected in some of 
the native names. The Axtee name, was adopted into Spanish 
in North America; in South America another native name, 
rendered in French as cuoufcAotic, Many languages of Central and 
South America have distinctive names for nibber or for the rubber 
tree. 

La Condamino was not a botanist or even a naturalist, but is usually 
described ns on astronomer or mHt1iamatidan,and also as a geognipher 
or engineer. Hia errand In flouth America was to determine more 
definitely the figure of the earth by making astronomical measure¬ 
ment a of sections of the meridian of Quito, close to the Equator. The 
expedition wos sponsored by the Academy of Sciences of Paris, under 
the auspices of the King of France, Louis XT, Since the aatronomical 
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|iroject was r&i|sinBibla for Ln Cttufinmine's TiBitinj; South America 
and eceing rubber in its natural state, rubber may be reekoued his¬ 
torically as a byproduct of astronomy. 

La Condamine went to South America by way of Panama and landed 
in ‘‘Pern” at the Email port of Manta, actually on the coast of Ecuador 
north of Ouaja<)uiL The Andes were ascended by way of Esmeral- 
das, another coast locality north of Manta. Heavy rains in the moun¬ 
tains made the traila impassable, and the few weeks of enforced delay 
in the coast district doubtless were responsible for hie contacts with 
rubber. Thus a mere incident of travel appears to have had a much 
more important relation to human progress than anything elne that 
La Condamine was able tit cantrlbute. No time would appear to have 
been loet by La Condamine in sending bis first report on rubber to the 
Boyal Academy of Sciences at Paris, in 1736. A further account was 
pubiiahisl in 1745, soon after La Condamine returned to France. 

La cOMnauiN'n in naaxitj ano ouuka 

The fact that La Condamine descended the Atnason and visited 
French Guiana before returning to Europe is responsible for the 
strange confusion O'f the principa! rubber trees already noted. The 
chief purpose for which rubber was being collected at the time of Li 
Condomine's visit waa for making torchaa and candles, which are said 
to have burned very wclL The evil smell of biiming rubber comes 
largely from the aulfur that is added. At the time of La Conda- 
mine’^B visit, supplies of rubber were lieltig obtained from the eastern 
filopea of the Andes in the Maynas district of tlie up|)er Amnron, ns 
well os from the forests along Uie Pacific coast. No rubber gathering 
on the lower Amazon was mentioned by La CundHmine, but at Para 
small objects modeled from rubber were seen, and some of those were 
carried to French Guiana, where a scarcli for rubber trees was started. 
Fresneau, an engineer who s|Ktit 14 years In this colony, found several 
latex-bearing trees, as reported through La Condamine to the Fs Hit 
Academy in 1751. 

One of the Guiana trees waa supposed from native infonnation to 
be the kind that furnished rubber in Braril, and thia waa deecribed by 
Aubkt in 1775 us ffevea ffuiawntlt. Several localities were noted, and 
the nuts were said to be gathered find eaten by the natives, the “al¬ 
mond" having a pleasant taste. La Condamine and Fmneau are not 
mentioned, but a reference la ^ven to the “poor figure of the Guiana 
tree in the memoir of 1761,'* The name “//citcu p^ruirtiwKi." engraved 
on AublePs plate 335 leavea no doubt that tlie Guiana tree was sup¬ 
posed to be the iiame that Ln Condamina had found on the coast of 
Eaneraldaa, “northwest of Quito ” where CnstiUa grows, and the 
niitLV^ nsLmi^ waj; «iKount«red« 
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Thus it came about that tl\o name Jmt, U£od bj the natWee of E«- 
roeraldos for the Ca^ilUIn wak lonpluyed bj AubLet as a generio 
deidgoatioji for tlta Ouiaiia rubber tree, and later tras extended to thn 
Para rubber tree. The \friters who placed EsmeraJdaa in Braril or 
in Venuxiiela, rather than in Ecuador, show the extent of oonluaJon 
that a mislcaduig name may generate. Ducke says in a foottiotc of hU 
**ReTi8i<m of the Genus IJefoea^ in 1935: “I do not know why Aulilet 
attributed the origin of the name Tieve to S^meriildas on the Pacific 
coast of Ecuador, wlicct! tlie genus Ueti&i is unknown.^ The reason ia 
that the trees were assumed to be the same, since botli pi'oduced rubber. 

A BASIC DIRCOVHUT IK EXTIlACTINO PABA RUBBER LATEIX 

The rapid extcnsioii of the use of rublwr during tire present century 
was made possible by the discovery at Singapore about 1830 of a new 
method of tapping the Para rubber tree. Tire ciiscfjvery was made by 
Homy If. llidley, then in charge of the Singapore Botanic GardeJia, 
A definite data Is difficult to assign because the tapping exporimenta 
were made incidentally and not published by Ridley until 1867. Even 
then the rep<*rt was fragmentary and not eapHcit, so tliat little aC’ 
count has been token of what in reality was a basic discovery that made 
plantation rubber feasible on a large scale. The idea tliat latex could 
be drawn repeatedly and at short intorrals from the same wound, by 
paring the margin, doubtless seemed too absurd to be credited by rea- 
sonahie people and was therefore difficult to disseminate. No effective 
record might have been made if Ridley had not been visited at Singa¬ 
pore in 1SD6 by David Fairchild, a« described in an article in the 
Journal of Ilcreditj' for May IfJ&S, “Dr. Ridley of Singapore and the 
BeginnirigR of the Rubber Industry.'^ 

Fairchild appears to have appreciated more clearly than Ridley that 
a. definite and indispensable step had been taken in Ridley's expori- 
menie. To Fairchild it seemed that Ridley had worked out “the most 
important single point of technique connected with the very vital 
problem of hmv to get the rubber out of the Ilcvca trees,” Fairchild’s 
evaluation of Ridley’s work is as follows: 

It Li to Dr. Bldlc^ tbot ow« tlie dlvco^gjj Uiat jau can opeu a vFound In 
bark tll^ Ihc- rabbflr tree, let It ^'Llecd’' uad collect the latcj fte Imig nfl It will 
ntrii and wbeir IIjq wotltid drli» irnt It orien qebIcl tbe acitt dnjr fiiiil not onljt 
ran of lutPi but a Inrffer run tbiin from ihs orEglaaL Incision. It la thla 
dlflcovery which led to the development of tbo modern methods of rubber luppLng 
and, it may bfl fnlrly lald, Eolred Use plniiterV illfllcnltles; turned the trEck so 
to iiij. In w cfitlcftl period of the rubber InduanT- wbII LnformKl ninnii* 

facturcr In Amcrlci* will Wfl that inich a tfkkt »u#b n dlBOOTery* hnd It Nwn la 
the flfld of patentuble kvpnHoni would linvC re*nltod In wait I w miffWsat to 
barn f?nrtph€d tbe dlucovorcr and plnoftl htai In the cIdes of the sredt iaventoris 
of the twentieth cenlnr?. Bat It did not do ttdk. Dr. EldltT todftsr Ut n ineij of 

S«4T0«--i4-^ 
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Eumll mjCuns diLef plu^UfiJU^ \a In Etudyliic the taerbArlmn mnterlDl wblch 

(.hU^UkI 7^atE apv Id thiii lurt af th^ world whirh }m chw br n. mAH 

for btE Bpoclul fleld oC Btndy —thB Malajnn Region; nnd in tlae prcpi/iradon of a 
i'lciru of tbDt reiaarkublc et^ of thB broplca. 

The Lctraduction of a npw plant tnto a new regton I3 nn "e¥enL*' Hie first 
uploltalEcn and AdnptiitEon of that plant to tlio coDditloua of life wbiafi enrroniid 
thft new plant ImEDl^rAtit la onother And we miEst Jnilevd ba lucklor 

In Intni^inOtion If we fall to raise on O plniiAClC Lfie ploneem wlickaE rhslon and 
IngennUy (md sdentldc cerlasity ^Lded Ube dcrelupuieats nf tneae ^nit and IndU- 
pcnsatle industrlee during Uielr formative deyiL 

JiOOFE Or EiDLEr^g PIBOOVIET 

A more fateful discoTcry thim Ridley'^ iDetliDil of linireBtiDg tlie 
rubber of Lbe Siphtmia tree 'would be diflUcult to adduce from Uie 
pages of history. Many *^cpocb-m]iking mventiona” are recounted, 
but none that so promptly affected 50 many milllDna of people. In 
dll civilized countries li'ring conditions and Gocial relations were 
profuutiiily changed in a fe’w years. Even among priroitiTe tribes 
in remote and backward regions of the Tropics, rubber cultivation bad 
almost, immediate effects. Thousands of hluluys, Hindus, and Chinese 
soon were engaged as contract laborers on the rubber plautatlunH, 
while other thousands of even mom primilivs people were released 
from the gathering of wild rubber in forest regiona of boiii hemi* 
spheres I and in effeet were reprieved from extinction through Ridley’s 
discovery, 

A parallel may be seen in Eli "Whitney’s invention <jt the saw gin 
for short-staple cotton, which had social and political sigulffconoo 
in the rapid expansiun of Kegro slavery m the southern States, 
eventuating in the Civil War, bnt ttiese effects were relatively local, 
while the rubber reactions were world-wide. The ascendancy of the 
northern nations of Europe may be ascribet] to the introduction of the 
potato, but centurieB were required for the potato sequeuco to -work 
outj while less than holf a century has elapsed since tlie first oom- 
mercial planting of the Siphoma tree in 1896. 

Rubber production offered st once such definite advantages that 
only a few years were required for a new agricultural industry to be 
created in the East Indico, and new manufacturing uidiistries in 
Europe and America, providing new sy^ms of communication and 
tronspuitation in all civilized countries. Rubber and gutta-percha 
OS insulating materiala made it jxissible for ciectricUy to bo utilized. 
Riding on nibber has become our ‘Wndanl of living.” A vast exten¬ 
sion of the human environment has taken place, 

Hutiilrwls of chemical and physical discoveries have contributed 
to ‘^modern scientific progress,” but rubber in thousands of tons waa 
iietsBsaaiy for the endless new applications to be devoIoiMid. Ridley’s 
biological observation was the cridcal point in quantity production. 
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making it possible for our mdustrial and cnbwml transformations to 
go forward with such amaaing apeod. It might bo sold that Ridley 
turned on die rubber, and caused an industrial deluge. 


lKf>L4l.VrKO THE WOinTD UESrONEE 

Studies of die tapping problems of the Para rubber tree in the 
early period wore confused by a special theory of 'wound response, 
derised to eiplain the gradually increaaing flows of latei after the 
first tapping, which usually yields very little. The theory assumed 
a greater intensity of physiological action to account for more latex 
being formed in the bark adjacent to a tapping wound, but such a 
reaction is nnt indicated. The underlying causes, determined by 
later investigators, are the branching latex tubes, which form a con¬ 
tinuous network throughout the hark, and the fact that the latex 
becornes more liquid with a loiv'er content of rubljer. Subsequent 
tappings produce a freer flow because the tubes adjacent to the 
wouud are gradually freed of the thicker, more creaniy latex shown 
in its original state at the fii'st tapping; other changes, of^ a nature 
to form more latex m the tissues around the wound, are not indicated. 

Instead of an effect of the topping upon the adjacent tiseussi, the 
lack of such an effect is the remarkable fact that needs to be appre¬ 
ciated in order to understand that in the Para rubber tree renewal of 
the same wound may be repeated frt^uently and continued indefi¬ 
nitely. Because the latex tubes are united into a network, the supply 
of latex is always siiflScient to replenish the tubes near the wound, 
snd thus to r^tore the bork pressure. The entire system uf tho tree 
contributes to tho drainage from tho tapping wound. The prompt 
replacement of the latex and renewal of the bark may be viewed as 
a remarkable provision of the tree against the wound reactions that 
olherwioe might occur if the tissues remained depleted or became 
infected by fungi or bseteria, which rarely happens.* 


COMMEStCIAIi .limVKXS OB' WILD BtTBnEtt 


From the Gommiircial standpoint it appeared that tlie search for 
resources of wild mbbor had been carried to a practical conclusion 
■in the later decades of the last century. With supplies of wild rub¬ 
ber from Brazil becoming inadequate, largo expenditures were made 
by commercial agencies in exploring the tropical forest regions of 
both hemispheres. In Africa, Madagascar, and Malaya, many new 
rubber-bearing trees, vinw, and "root-mbbera” were foimd ami rap¬ 
idly aihousted, though several were exploited extensively dunng 


* A tuck fit iroirnJ mrTKpJI* Ifl an exp^TlmtD^ wpwttS tnpidnf waJ bj 

EullOi m m lites bMiTlnff tm ffwsrfditwIiMill* i^dlra M ai 

ft pwlble iqtwUlul* (fit dlldc, Bnfl AiD4rrr Jaata. Bet, p. 580, iwa. 
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pericids of years. Such efforts continued until the {ilantations of Para 
rubber Ireeii iu the Mu lay Peninsula began to supply the aiarket» and 
the need of searching further for Tdld rubber seemed to have passed, 

In reality tlie eamrnemal surveys had taken only a partial view of 
the general problem of natural rubber. The rubber-pniducing plants 
were not studied or evaluated from the standpoint of agi'icultural 
production possibilities, but only with reference to their existence in 
large numbers over wide areas, in sufficient abundance to be exploited 
in commercial quantilies. No commercial interest would ba taken in 
Ireea or plants limited to small areas or occurring as rate, widely scat¬ 
tered individuals. 

With a plant that is brought into cultivation, it obviously makee 
little difference whether the wild stock is scattered widely in nature 
or limited to a single district, or even to a single locality. Many spe¬ 
cies are local ised, esiiecialJy in tropical regions, to an extent tliat Lt 
seldom appreciated. The apparent uniformity of tropical forests al¬ 
lows us to suppiise that the same species are widely distributed, but 
even where forests are coutinuoua tlie species may prove to vary. 
Richard Spnice, after several years of intensive locploration in the 
Amazon valley, estimated that with every degree of latitude half of 
the Species were changed. 

Alfred RuhmcII Wallace, who visited BrazU during the aame period 
that Spruco did, also failed to distinguish between the two types of 
trees that were being exploited in the Amazfui valley. Even in 1808, 
in publishing Spruce’s Journals, Wallace writes of cutting the trees 
down as a method of utilization tliat iia<l t>een applied to the Para 
rubber in the early days. Wallace held that the latex served for the 
growth of the trees and tliat tapping slioukl be suspended during 
the flowei'ing and fruiting season. 

Several species of Siphimi&, or S£vgti, have been described from the 
Amaaon valley, hut only one epedes of CaAiilta, The number of per¬ 
ceptibly different loco! forma of Catma doubtless would nm into 
BCorRB or hundreds, if a thorough study could be made. Ten species 
were distinguished in a monograph by Pitticr published in 1810, and 
others may be described, but the number that can he Ecparated and 
dassiffed by dodmte differences may not be much larger. Ttie species 
of Castilla are lestt localized than in many tropical genera, the fleshy 
fmite being eaten by birds and monkeys, and the seed scattered. Tati- 
adons of stnictiim or habits within the species, such as thicker hark 
or greater tolerance of drought or other unfavorable conditions, may 
have cultural importanco far beyond the characters formulated in 
describing species in the usual manner, that is, from differenoee in 
leaves, Soweie, or fruits. 
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OBKEIU Rn .vTFn TP CA^tlLt^ 

kSQTcral genera related to are ’worthj" of being caiivaAseil ss 

rubber trees, in view of reports by bottinicnl cdHentctra that the lates 
waa abundant and formed an elastii;; suLatance. Thus OlrMdi^ mpera 
and 0, ’were noted by Huiz In 1784 at Potujio on the eastern 

slope of Peru as “trees that on inewitm give an abundance of very 
white milk, -whicb, eiposed to the air, turns mto a Tery eltistic; i-e&in of a 
reddish-chestimt color ; it carr be shaped into any form desipd.” Tha 
presence of rubber may explain a statement by Sandemnn in “A For¬ 
gotten Kiv’er,”^ that a waterproof bark cloth is obtained from ibis 
which tliB Indians call lliSttich^nKi, A sfwciefl of Penbeo in 
Panama was described by James Collins as Castilla tmrl'amtana., and 
shares the natire name tds with Caatilla Some of the 

Brazilian trees referred to Sdiccstyli^ have a notable similarity to 
Castill^i ulei. 

ITEKEftA KCmATED TD TAlU IfUBDER 

Another nibber-bearlng genus in South America, closely related to 
the Pam rubber tree, was described by Bentham under the mmie Jfi- 
croflefra. It seems to be widely distributed in Soutb America, but 
apparently has not been found in sufficient abundance for comniercial 
exploitation. Spruce used the name Muranda foe this genus, of which 
he Saw two species on a tributary of tlie Rio Segro, differing notably 
from the Pam rubber tree in their elmple Icafcs and clustered trunks, 
“often as n>any as ten from a rooL^ They were said to yield “pure 
rubber.” 

Several South American rubUr trees belong to the genua Sapiuin, 
also a member of the spurge family. Some of the Eepiuins grow at 
rather high altitudes m the Andes, 6,000 to 0,000 feet, and produce 
what has long been kiiiiwn as “virgin rubber,” ennie of It reputed to 
be of excellent quality. Other species grow in the Amazon volley and 
are reported to share the habitg of tlie Para rubber trw and to yield 
latex in the same manner, by the native metlujd of makingniBny wounds 
’n ith small Latclrets. Tliis may mean that the latex tubes of Sapiwn 
form a contlriuoufl network os in the Psra rubber. A plantation of 
70,000 Sapitt^t^ trees was reported from Colombia in 1088 as “growing 
with great rapidity, and averaging about five feet a year,” according to 
a letter publLahed In the Kew BulIetiTi of 1006. 

BTALtrATtON OF RUUBKR TltEES 

The rubber planter encounters the problems of choosiitg favorable 
natural oondltiona, devising suitable cultural methods, and selecting 
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the plftnts best odapted to the conditions utnler iThich he must oper* 
ate. That American plantecs in the cnrly days gare their attentimi 
so eselusirely to CastUla, and planters in tJie Eaet Indies to the Para 
rubber, tvas not the result of any demonstration of Die cuHurnl evt- 
periority of one tree or the other, but of becoming interested in the 
possibilities of the tree they had at hand. The desirability of many 
other species that have been reported as promising mmains to be 
detemined. 

It is not to he eapected that any one species will be found to have 
0 sumdently superior value under all couditiuns to "warrant its being 
planted to tbo exclusion of all uthersw Bubber, lilsn starch, is pro¬ 
duced in nature in many different envirunmeiilH ranging from deserts 
to Bwainps, The nuinW of cultivated rubber plants will probably 
never equal that of the starchy cereals ami root crops j but there is the 
same practical reason why the cultural requirements, hardiness, ^igor, 
and productiveness of the different rubber plants should be consid- 
i>rcd not merely those of the distinct genem and species, but also 
tho^ cif tbe varieties of races into which each species will be found 
cli visible by eultura] selection, The cultural characters or adaptive 
differences of behavioi' under varied conditions are as important as 
differences in percentage of rubber, or even in quality of rubber, in 
determining whether production is practically feaxibls in competition 
with other cmp*. The adaptive ability of a tree or plant to grow 
readily on an extensive scale and produce abundantly under condi¬ 
tions that can bo provided, is a basic requirement. 

aXASOKS FOR l-afTKXRIKO TEES CCOFS 

Among the factors to be recognized in rubber production are the 
general advantages of tree crops over field crops, especially in tropical 
countries, in requiring less labor and affording greater protection of 
the wil ugainst erosion, Rubber plants that can ho grown a« annuals 
or biennials in northern countries may bo valued ss insurance against 
emorgchciea witbuut being expected to compete in normal production 
w’ith rubber produced from tropical tree crop». The costs of clear¬ 
ing the buid and weeding the crops are among the principal items 
of axpenise in tropical undcrtnldnga, although it is now recognized 
that these cultural activitiee often lead to rapid decline of soil fer¬ 
tility through surface erosion, 'Ilia only peimanent agriculturea 
are those that do not involve the working of the soil. Denudation 
of the land through continued cuUivaliun is now being rccogiiizeil as 
a limiting factor of agpicmlliire in many tropical regions. 

Vast areas in the Tropica have Uio status of waste lands, more or 
less denuded by previous cultivation and bu rning ^nd lacking the 
surface layer of fertile soU, which may be formed again if forest con- 
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ditidns arc restored through the uee of tree craps. Maa^ areas of 
miHCellaneous eecand-growth forests m tropical America, represent¬ 
ing rarious stages of reforestation, are formed mostij of irorthlcss 
trees, -which might be replaocti by rubber forests to great advantage. 
Guatemala, for example, would be considered as a rather populous 
cornitrs-, compared with many other regions, yet is estimated recently 
to have only 10 percent of the land in culLivation. Complete clcar- 
ing and cultivation would not bo necessary for replacing the present 
mixed grcjwtii of waste areas with rubber truofi, such as CaitiUa or 
FvniuJiaa^ which are somewhat toletOBt of thin soila and drought 
conditiana. Such trees may furnish wood, fiber, or other useful ma¬ 
terials as byproducts, and also may shelter the early stages of Para 
rubber trees. 

BUBLLEB XS A CBOF 

Rubber trees need to be appreciated and popularized in all the tropi¬ 
cal countries. Although tba tendency to think in terms of large plan¬ 
tations is difficult to escape, coroful cotiBideration will mak e it sppareiit 
that the Para rubber tree is remarkably well adapted to production 
on a small scale. Lsirge plantations operated by contract labor os 
in the East Indies may be very difficult to establish in tropical America, 
but other systems of production may be pmctic*ble. Millions of 
people in tropical Americo are landowners only to the extent of 
gnial] “gardens," as they are called, where root crops, green vege¬ 
tables, potherbs, and fruit trees ore grown, often with poultry or other 
farm animals, to meet some of the family needs or to provide a small 
surplus for sole or exchange. 

^placing the native gardens with rubber plantations, or remo-ring 
tho garden people to rubber estates, may be practicable to a limited 
e.xteut, but enlisting the interest of the people to add rubber trees to 
their gardens may supplement other lines of production, or even ex- 
ceetl them, once the advantages of small-scale production are worked 
out and understood. 

With a small planting, ajt a dozen or a hundred rubber trees, col¬ 
lecting ttie latex is relatively light and pleasant -work, to be done in tlie 
cool of the tiiorning, and shared without detriment by women and 
children. No other labor is likely to be more remunerative to the Kmall 
lando-wner than tapping rubber trees for an hour or two a day. The 
rubber harvest does not spoil if other work is more pressing. The 
requirements of tools and equipment for extracting the latex and 
preparing the rubber are extremely filmple and cheap. The Para rub¬ 
ber tree is extremely well suited to the purposes of the pnmll producer, 
and is the only tree that will yield rubber by regular tapping. 

Ca.<4tllla trees are often planted or allowed to grow in dooryards in 
Mexico and Central America, and tapped occofiionally, but the latex 
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can be SFtolm hy thieves and the trees mutilated severe tapping, 
whereas the Para treea have little inteneBt for rubber thieves. Castilla 
is considered beneficial to the soil, a claim also made for aeTeral of th« 
tropical fig Intea, Coffee and cacao grow well under tho shade of 
Castilla and Para rubber trcea Both trees have an anrmal leaf fall, 
allowing subcultures a few weeks of sunlight. 

People who live in tlieae tropical gardens have an initial advantage 
ill raising their rubber trees at no expense, if seeds nr seedlings are 
available. Little romn ie r«itiired for the young rubber trees, which 
are very slender at first, and interfere very little with other uses of 
such gardens. In nildition to familiar fruits and medicinal tre^, 
many useless ^Srild’* trees are often ullow'ed to grnw in and around the 
tropical gardens and small farms, for protection from sun am! wind. 
If uiily tile useless trees in native gartlens of tropical America were 
replaced by Pam nihber trees, an extensive productinn would be as- 
sureil, pofsibly more than frum plotitaiions in tropical America, where 
plantation labor is difficult to obtain. 

Local supphea of seeda or seedlings are the first requirement fnr al¬ 
lowing the Para rubber to spread wiilely us a garden crop in tropical 
America. The seeds have hard shells, but the kernels are soft and 
perishable, so that prompt planting is necessary unless special packing 
and handling are provided. The seeds may be planted ‘*at the stake,'' 
or budded seedlings miglit be planted, if proper care is used. 

PHOBLBUS OS' aUBBER UT1!!X 

Many theories of tlw function of rubber in plants have been ad- 
ranreil, hut none has had general acceptance. A flow of latex may 
cover a wound, but many plants that contain nihber do not form 
latex, ^ Other functions, os storagii or transportation of water qr food 
moterials, may be performed by s}’stems of latex tubesj apart from 
tha rubber particles that tlie latex may catty. Rubber is not, like 
sugar, starch, or ce]It;lose, to be viewed as a convertible storage product 
of further use in growth or tissue building, but is rather to bo segre¬ 
gated in one part or another, the bark, the leaves, the fruits, or the 
roots in the varioua cases that are known, witli or without the aasiMtanre 
of latex tubes. To consider rubber as a waste product makes more 
understandable its occurrence in so mony unrelated plants, and in so 
many different tissues of the plants—principally tlie bark, leaves, and 
fmits. The tissues that are discarded are likely to contain more 
rubber tliuh those that remain as permanent parts of the plant 
stmctiire. 

RUBBEfi fit EUJ^ OF TirOVB 

In any latci-bearing tree or plant the presence or absence of good 
rubber can be determined by an extremely simple test made with tho 
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thumb and first finger. Only a small drop of latex is needed—not 
enough to spread beyond the opposable surfaces of thumb and finger 
that come in contact, where the skin is thick and resistant. In han¬ 
dling latex from any unknown plant, caution is advised not to permit 
the latex to touch any thin skin, as between the fingers, where juices 
of poisonous plante may cause painful injuries. The eyes, of course, 
as well as mucous membranes, are to be especially guarded. Many 
latex plants, especially in the dogbane and spurge families, have 
poisonous properties. Some of the fleshy euphorbias of Africa and 
Madagascar, in appearance much like cacti, contain acrid poisons. 
The rubber reactions can be learned without harm, however, if the 
latex is handled carefully and all traces of it are removed by dry rub¬ 
bing after the test Native information regarding any plants that are 
considered caustic or poisonous should be sought, although many plants 
that are feared by natives are in reality harmless. Poisonous plants 
are relatively few in the Tropics, compared with our poison ivy and 
poison sumac so widely wicountered in the United States, or with 
manchineel in southern Florida. Not only our woodlands are infested 
with poison ivy, but villages and cities. Precautions against poison ivy 
are likely to be effective with other poisonous plants. 

To make the rubber assay, the little drop of latex is pressed between 
the thumb and finger, which tlien are separated, exposing the surface 
films of latex to the air. After a few exposures, fine threads of 
elastic rubber may be seen stretching between the moist surfaces, 
and minute curds of coagulated rubber are formed. The quality of 
the rubber may be judged from the length, toughness, and elasticity 
of the threads that appear, and by the formation of a minute roll 
or spindle of rubber that separates cleanly from the skin when the 
thumb and finger are rubbed together. If of good quality, the minute 
sample is not adhesive and shows its elasticity and toughness on 
being pulled. Samples that are not tough are also less elastic and 
soon become sticky on the surface, while samples of good rubber 
remain unchanged. Samples of poor quality, even though they show 
favorable reactions at first, soon deteriorate, sometimes within a few 
minutes. 

When a flow of latex is encountered in an unknown plant the 
question naturally arises whether it contains rubber that would be 
of value if commercial quantities were obtainable. On this question, 
“Is it rubber?” the thumb and finger may give in a few minutes a 
fair judgment. After a tree or plant is seen to contain rubber, the 
finder may be interested to learn its native name and bring home 
samples of the leaves, flowers, and fruits, so that the species may be 
identified and studied further. Although the finding of large re¬ 
sources of wild rubber in latex trees or plants that are abundant m 
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nature is no longer to be expected, it is in order to take aoeount of 
any rubber bearerB that may be encountered in regions that have nnt 
reoeired careful explorationa 

StTUBEK AND NEAfi-aXiaBXS 

Two very different meanings are carried by the word rubber—the 
more common phyaica] tnesming of a highly elastic substance, and a 
more general chemical meaning, admitting as rubber all the sub- 
Htsnees suflicienLty related to rubber to show the same rcacdons with 
solvents and prccipitants, with little regard to the factor of elasticity 
which seems so aU-importsut fruru physical and mechanical view* 
points. The trees or plants that produce fully elastic, high-gr^tde 
rubbers aw relatively few*, the best known being the Para rubber 
tree, the GastiUa tree, and the Aj^am rubber tree. Several others, 
tlio African rubber tree {Fjtntvimia), the African rubber vines (Zhti- 
doiphia) ^ the intisi rubber of illailagHScar {Enphorhui the 

Sajnmti^ or virgin rui)bers of South America, and Uie UryptQstegia 
vine may also qualify as producers «f rejil rubbers. To be reckoned 
as ijear-rubbers are gutta-percha, balata, chide, guayiile, goldenrods, 
milkweeds, and many other nibbcrlike gums, some of them of distinct 
imlustria! and commercial value. 

Some of the near-rubb«rs, like some of the synthetic rubbers, have 
special us^ which they may serve even better than the best elastic 
rubber. Gutta-perclia, for example, had developed many special 
uses for which rubber became serviceable after being vulcanizeil 
Making rubber more like gutta-percha was one of the immediato 
advantages of vulcaiiizatiaii, rubber being much cheaper. Gutta¬ 
percha woe indiepenenble to tho early di^nvedes and applications 
of electricity. Insulating the first Atlantic cables was the epoch- 
making contribution of gutta-percha. If rubber had not arrived, 
gutta-percha doubtless w'ould have been the great- wonder-wrjrking 
material, and all the other nonelastic ftr slightly elastic gums doubt¬ 
less would have had relatively greater values than they can attain in 
compelition with rubber. Yet etch of these substitute BUbstanoog is 
worthy of being considered from the standpoint of possible and 
poteoltal impravemenh The advance of rubber chemistry may make 
it possible to improve the quality of the rubber material in any 
plant by simple treatmenf in comiectiim with the procoEses of liX- 
trnction or of manufacture. 

BUB^EH ’SI'TTHOUT LaTE^ 

Kven if rubber were confined to plants with latex, to make a com¬ 
plete canvass of the rubber bearers would be a large undertaking, but 
no such limit can be set to the plants tliat need to be exomined to 
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determine the presence of rubber. With rubber viewed as a waste 
product, it might be formed in any group of plants, and indeed is 
found in many plants that have no specialized latex system or other 
indication of rubber. The Eucow/mia, tree of China, though not pro¬ 
vided with latex, has the rubber material sufficiently segregated to show 
many fine elastic threads when the leaves or the bark are broken and 
pulled apart. The guayule shrub is the typical example of a rubber 
producer with no latex or other external sign, the presence of the gum 
being learned from the Indians who obtained it by chewing the bark. 

The tendency to think of rubber only in terms of latex plants still 
is dominant. The only investigator to face the question of finding 
rubber among the plants without latex was the great inventor, Thomas 
A. Edison, who was inclined to believe that the storehouse of nature, 
if sufficiently searched, would meet any special requirements. In the 
hope of finding rubber in a plant that could be grown in the United 
States, preferably as a field crop, large numbers of weeds and other 
common plants were assayed for rubber, leading to the discovery of 
rubber among the goldenrods. Many members of this group were 
subjected to intensive study and selection, to find a type of plant 
adapted to general cultivation. Because they were so common and 
so widely distributed in the United States, the goldenrods appeared 
promising, but cultural limitations were encountered. The rubber 
is formed mostly in the leaves, and these are difficult to harvest, many 
falling off before the plants mature. 

While the goldenrods were being investigated, thousands of other 
plants, mostly natives of our southern States or of adjacent districts 
of Mexico, were examined, and rubber was found, at least in small 
traces, in hundreds of species where none had been known. Some of 
the plants were propagated for preliminary tests, but the goldenrods 
remained the chief interest. Records of Edison’s work were placed 
with the United States Department of Agriculture, and the rubber 
assays were continued on many other plants. Such assays no doubt 
are being made in many other countries in view of the present scarcity 
of rubber. An eventual completion of the Edison project may be 
hoped for—a world-wide extension of the survey he undertook. ^ Edi¬ 
son, like La Condamine, contributed a new element of interest in the 
science of rubber, the project of determining all the potential sources 
of production. 

Although Edison’s search was projected for herbs or shrubs to be 
used for field crops, it should, of course, e^nd to trees—not only to 
those of temperate regions, but to the tropical trees as well. Rubber 
trees or lianas without latex are as likely as shrubs or herbs. Eucornr- 
mia is an example of such a tree. Even if important rubber discoveries 
were not made, such a survey could be expected to yield valuable ex- 
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perience and information, for, doubtless, many other materials as im¬ 
portant as rubber remain to be discovered. 

BUBBER-FOBMIKG CELLS IN CASTILLA LATEX 

Much has been written about rubber latex as a chemically balanced 
emulsion or suspension of small particles of rubber, without consider¬ 
ing biological facts discovered at the beginning of the present century. 
The bulletin on Castilla rubber published in 1903, in a chapter en¬ 
titled “The Structure of Latex,” referred to a paper by Molisch de¬ 
scribing a rubber globule as surrounded by a thin coating of proto¬ 
plasm, with a small nucleus on one side. This observation was con¬ 
firmed in a study of fresh Castilla latex in eastern Guatemala in June 
1907. The gloWe of rubber material is clearly distinct from the 
protoplasmic envelope, which often shows in profile a somewhat thick¬ 
ened area, interpreted as a nucleus, of a standard width and thickness, 
but with the peripheral margin somewhat uneven. The globules of 
the fresh latex are in rapid Brownian movement, but gradually come 
to rest, when it can be seen that the peripheries of contiguous globules 
are not at first in optical contact, although the thin separating layer 
eventually disappears, so that the circles of rubber appear to fuse 
where contacts occur. At the same time the rubber material becomes 
distinctly more transparent than when the latex is in fresh condition- 
An oxidizing process is suggested by the gradual change, showing first 
a narrow hyaline rim around the margin of a cover glass, while the 
central area is still opalescent like the fresh latex. 

CASTILLA HANDICAPPED BY AN ENZYME 

The presence of a natural ferment or oxidizing enzyme in the Cas¬ 
tilla tree has complicated several problems of utilization of the rub¬ 
ber, and of the tree as well. The latex as it oozes from the margins of 
a cut is creamy white, but in a few minutes shows a brownish tinge, 
and drops of watery brownish liquid soon appear to separate from the 
creamy latex and run down the bark of the tree. Some of the creamy 
latex may run down, or all may remain in the cut, to form the “scrap 
rubber,” which gradually darkens on the surface to nearly black. The 
shreds or strands of rubber, usually pulled from the cuts in 2 or 3 days, 
are white or light color inside, but eventually blacken throughout. 

More serious than these color changes is the slow, persistent digestive 
or corrosive action of the enzyme on the rubber. After a few weeks or 
months the surface of a rubber sample becomes soft and sticky and 
the change continues gradually through months and years so’that 
even a large mass of rubber eventually is reduced to paste. Washing 
the latex was tried in the early years, to prevent discoloration and 
softening of the rubber, but this proved to be entirely ineffective Such 





NATURAL RUBBER—COOK 


385 


disintegration naturally gave the impression that Castilla rubber is 
inferior to Para rubber, though in reality no difference has been estab¬ 
lished by comparison of material not affected by the enzyme. 

Since most of the rubber that reached Europe and the United 
States in the time of Goodyear came from the Castilla tree, the tend¬ 
ency to become sticky was often supposed to be a general quality of 
rubber. Thus Goodyear’s efforts to develop a treatment of rubber 
that would keep it from becoming sticky, the efforts that led to the 
accidental discovery of vulcanization, hark back to the enzyme. When 
Para rubber from Brazil proved not to be sticky, it was naturally con¬ 
sidered a superior kind. 

That some of the Castilla rubber, even in the early days, was not 
sticky, may be inferred from the extent to which rubber was being 
used in England and America before Goodyear’s discovery was made. 
Even the uses of rubber among the Indians of Mexico and Central 
America would not have developed with a sticky material. The In¬ 
dians knew how to treat the rubber to keep it from becoming sticky, 
by spreading the latex in thin layers on large leaves and exposing it 
on open ground to the heat of the sun, thus destroying the enzyme. 
The native procedure in coagulating the Castilla rubber, witnessed 
and photographed in the Soconusco district of southwestern Guate¬ 
mala in 1902, was described and illustrated in the bulletin of 1903. 
The samples of Castilla rubber prepared by the native “uleros” re¬ 
mained in good condition for more than 20 years, as little affected by 
age as samples of Para rubber, showing that the treatment had been 
completely effective in destroying the enzyme. Samples from washed 
latex seemed to deteriorate even more rapidly than others, perhaps 
because the enzyme was more thoroughly distributed among the mb- 
ber particles. It was known already that an enzyme was responsible 
for the deterioration of the Castilla rubber, and that the enzyme 
could be destroyed simply by heating the latex, as published by Parkin 
in 1900, in the Annals of Botany. 

Although the demand for rubber increased more rapidly after 
Goodyear’s discovery was made, the previous century, between La 
Condamine and Goodyear, had witnessed a gradual advance. The 
properties and uses of rubber, largely in waterproofing, furnished the 
last chapter on “Vegetable Substances” in the “Library of Entertain¬ 
ing Knowledge,” published at London in 1833, concluding with a 
statement of imports and prices. 

More than Mtj-Wo thousand pounds of caoutchouc were imported Into England 
in 1830, being nearly double tbe quantity brought during the preceding year. 
The consumption for the year eudlug AprU 5, 1833, is stated at 178,676 lbs. 
price is from 1 b. 6d. to 28. 3d. per lb. ; tbe duty upon it being 5d. per lb. The 
Increase In the demand Is to be ascribed to the application of the substance as 
an article of general utility. 
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The sources of the raw rubber were not stated, but evoii Brazilian 
rubber of that period came mostly from CaatilJa, hleUiods of treating 
rubber in England tnaj have involved heating it enough to destroy 
ibfl etizynie, Nothing was said of rubber being sticky, 

A diseoveiy mado in Haiti in 1930 in relation to the enzyme of 
Cnstiha showed that the eiizynte may be destroyed while the latex is 
still in the bark. Abundant threads of elastic rubber were found that 
separated readily from Uie decaying bark of Castilla logs, known to 
have been felled nearly 3 years befnre. The usual failure of proper 
coagulation to take place in the bark may be ascribed to tlie oxidiziog 
enzyme, and the exceptional occurrence of good rubber was ascribed 
to the fact that the logs had not been idiaded but Iny in an open place 
where the trees had stood. 

The pertinencse of the expresslnn “oxidizing enzyme^ is appreci¬ 
ated when it is known that tho Castilla latex M it 8ows from the tree 
will retain its creamy color anti show no sepai^tion of the rubber 
material if kept from the air by being corked in a glass bottle. Fun- 
day had a bottle of rubber latex from southern Mexico which is said 
to have reached England very nearly in the same state in which it 
came from the tree; a slight film of solid caouicbouc had formed on 
tho surface of the cork which dosed the bottle. Efforts have been 
made in the present century to ^ip CaatiJla latex to the United States 
in tb ca^ hut the latex blackened and spoiled, or the rubber coagu¬ 
lated, as it does in battles when not corked. 

latex ezFAnxTZ XBair sxr 

Another fact relating to the enTyme was dincovered in June 1007 
in experimental tapping of Castilla trees in eastern Giiatemak, on 
the Trece Agues estate near Senahfi between Fanzos and Calia^n. 
It was noted that occasional drops of latex exuded from the surfaces 
of the tapping wounds after removal of the scrap rubber, and that 
these drops did not show the umml separation of a brown liquid, nor 
the usual staining of the rubber. 

These creamy white drops were observed repeatedly during the dov, 
but no discoloration took place, and the latex eventually coagulated 
without daikening. ^le drops resulted, obviously, from the loss by 
the la I ex tubes of their plugs of coagulated rubber when the “semp” 
was palled from the cute. Considering these drops os samples of the 
latex as It exists in the tubes, the failure to show any of the discolor¬ 
ing fluid that gradually separates from latex in tho tapping cute of 
Castilla was specially noted. Thus the behavior of these nonstein- 
mg drops of latex brought into qaestion the general assumption that 
tho e^yme « a normal constituent of the latex of tho Castilla tree. 
It IS known, of counw, that the latex tubes are separate from the other 
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tissues of tho bsrk, but it appears that sap ss well os Iate« exudes 
in tie Upping euts and titat Iho two are mked, to the detriment of 
the rubber. 

SPBdAlilKEin BRANCHES ANI> UlATEB IN CASTILLA 

Botanicat textbooks do not prepare us to appreciaU the 
tive specializations of plauta. The floral orgajiii in mon^ fomilSea 
are highly specialized and hove been aludied in great detail, while 
little Hocount has been taken ol different forms of branches and leaves, 
even among agricultural plants whore peculorities of the vegetative 
organs ofteri determine methorla of culture or pruning. Several et- 
nm pl^g of two difitLjrcL kinds of branches were described in a publica¬ 
tion of the United States Department of Agriculture in 1011, Bulletin 
103, “Dimorphic Branches of Tropical Crop Plants; Cotton, Coffee, 
Cacao, the Central American Kubber Tree, and the Banana.’^ 
Specialized branching hsbita in the Para rubber tree were al»o re* 
ported in 1030, 

The vegetative parts of plants, liko the flowers themselves, are 
formed os a euijceiwion of equivalent structural units, known to mor¬ 
phologists as mctftiiierfl or phytomers, Eseb unit consists theoreL- 
ically of two structural elements, a ntem section or caulomer, and a 
leaf section or pbyHomer. Either of these elements may he sup- 
prestied. but both are present in normal vcgeiative mefainera. It is 
usual to think of the vegetative metamers as all alike, and of floral 
metamers as of many forma. In reality the vegetative metamers are 
capable of being as definitely specialized os the florel inetamers, some 
HB preceding the flowers, olhera as forming specialized branches, 

Not only the structures and functions of two Muds of branches are 
different in Costilla, but also the forms of the leavea, showing that tbe 
vegetative HpecinliziitioDs are deep-seated atid long-standing. No 
olher tree has afforded more outstanding examples *>f vegetative 
specialization tbim Castilla. The sexes are on saparoto trees, the in¬ 
florescences are of three kinds, the branchea of two kinds, and the 
leaves of four kinds. An B'daptive advantage of the specialized 
branching habits ie seen in the foot that CoatlHa outgrows the Para 
nibber tree in the early stage of development, before fruiting bcglna. 
Instead of the early growth being limited to tha production of a very 
slender trunk as in tlie Para rubber tree, the young Castilla trees dfr 
velop specialized lateral branchea and soon form a thicker trunk and 
a thicker layer of latex-bearing hark, so tliat in a few years the total 
content of rubber in a Cnstilla tree may be several timoa larger than m 
a Pare rubber tree. Ulustrations of CasrtiUa trees, showing their rapid 
growth and peculiar branching habits, were published in 1B03. 
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TWO FORMS OF BRANCHES IN CASTILLA 


The habits of growth of Castilla under forest conditions, where the 
trees have tall, cylindrical trunks are shown in plate 1. In open places 
branches are produced only a few feet from the ground, as in plates 2, 
3, and 4, The upper hgure in plate 4 shows a young plantation of Cas¬ 
tilla with all the trees producing the slender horizontal branches that 
mark the juvenile stage of this tree, preceding the production of the 
stout ascending branches that form the permanent framework of the 
tree, as shown in the mature tree in plate 2. Two young trees also 
are shown in plate 2, and the mature tree has a new shoot with large 
leaves on long horizontal branches, like the young trees. 

The horizontal lateral branches, slender and simple, are the out¬ 
standing feature of the Castilla tree, since they bear most of the leaves 
and all the flowers and fruits. Tet all the branches of this type are 
temporary and deciduous, being released after two or three seasons by 
a basal socket of abscission. The leaves of the lateral branches are 
oblong, large, and pendent, inserted in two ranks. Lateral branches 
are produced only on new growth, one branch from each stem section 
of the ^trunk, rising from an axillary bud. The lateral branches re¬ 
main simple because no leaf buds are produced, only flower buds. 

The lower lateral branches often grow several feet long, and are to 
be considered as the most specialized, since even the flower buds are 
suppressed. The basal joint of a lateral branch is notably shorter than 
the others, and the leaf is suppressed. The leaves near the base of a 
lateral branch are not as large as those farther out, and in a few weeks 
may turn yellow and fall off. Leaves of lateral branches are often 
found with one of the auricles distinctly lobed, always on the lower 
side, toward the base of the branch. The upper auricle may be larger 
than the lower^ but is never lobed* 


The branches of the trunk, those that provide the permanent frame¬ 
work of the tree, usually develop much later than the lateral branches. 
Tliey do not project horizontally like the lateral branches^ but are up- 
Tight or ascending, and are not self-pruning at the base. They are 
not produced consecutively at each joint of the trunk, as the lateral 
branchra are, but are relatively few, and do not arise from the axil of 
a leaf but from an extra-axillary bud at the right or left of a lateral 
branch. The location of the extra-axillary buds is consistent in each 
trw, so that the trees can be distinguished readily as right-handed or 
left-handed with respect to the buds that give rise to the permanent 
branchy. The leaves of the trunk are not distichous like those of the 
lateral branches, but in several ranks, probably representing a spiral 
of five-thirteenths. Two or three short, leafless joints are formed at the 
base of a permanent branch, instead of the single short joint on a 
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lateral branch. The lea™ of the branches are lik« those that subtend 
the Interul branches en the original trunk. 

From a morphological viaurpomt the lateral biunches of Casrilla. 
may Iw interpreted OS infloreBcencea tliat have developed a special 
foi-m of leaves and Hasumed n major proportion of the vegetative 
functions, Tliia appears strikingly in the young trees, the lower 
lateral branches growing ht the greatest length, often 10 or feet, 
and yet not bearing any flowers or fruits. The shorter laterals, far^ 
ther up ilia trunk, most of them only B to 4 feet long, produce flowers 
or fruits in a continuous series, oscept on a few of the basal joints. 

The long laterals of the lower part of the trunk may be compared 
to the spreading rosette leaves of many herbaceous plante. A wide 
expanse of foliage is formed on young trees Btanding in open places 
wliero the branchis have full sunlight and develop ^metric^y 
eo that tlie ground underneath is well shaded. An adaptive function 
of the specialized bmiicliing is seen in the rapid and continuous de¬ 
velopment af further new sections of the trunk, each with its lateral 
branch, and thess in lurn soon replacing those lower down. 'Pho 
young trees mv of striking appearance, regular in form and vivid in 
color. Apart from the interest in rubber, Castilla trees might well 
be planted around schools in southern Florida, and in odier tropical 
enuntries, to facilitate Hie study of the vegebitive specializations. 

arOCIALlZRU leaves or MMOBPKIO DRANCIlZa 

As previously indicated, the leaves of lateral branch® of Castilla 
are different from those of the main trunk and the pennanetit 
branches. The oblong form, the pinnate venation, and tlte short 
petioles are the outstanding features of the lateral-branch leaves. 
Compared with the leaves nf the lateral branrlies, those of tho trunk 
and the permanent branchea are relatively short ond broad, and the 
petioles notably longer, Tlie venation of the tnmk leaves is mark¬ 
edly differenl, being palmate rather than pinnate, with a basal vein 
on each side more oblique and longer than the others. The secondary 
veins along the lower aide of these long primaries are much stronger 
than other secondary veine, sometimes attaining a length of more 
than 2 inches. The leaves of the trunk and its permanent branch® 
often appear as reduced or rudimentary. Some of them are onlj 
4 iir 5 inches long and lees than 8 inches broad. Such leaves may Ik 
seen only on now growth, since they uaually turn yellow and fall on 
in a few weeks. On other trees the trunk leaves may be nearly M 
wide fkS the branch leaves but only half the length, broadly ahoulde 
or angled at the side, with less than half the uninbcr of primary veins, 
and the large basal vein on each side strongly developed, 
anduee—14-ss 
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TWO PBFT.IMINAKT LKAF TORUS IN CASTILLA 

In addition to the leaves of the trunk and those of the lateral 
branches, two other forms of leaves precede those found on mature 
trees. A seedling stage of development may be recognized, and also 
a juvenile stage, between the small seedlings and the stage of form¬ 
ing lateral branches. A young Castilla tree just beginning to develop 
lateral branches is shown in plate 6, with two of the large juvenile 
leaves still in place; above these large leaves is a much smaller, heart- 
shaped leaf subtending one of the lateral branches. Preceding the 
formation of branches, several joints of the axis produce what may be 
considered as juvenile leaves, with large blades and long petioles 
as their outstanding features. 

Usually the petioles of the juvenile leaves are 3 to 5 inches long, 
sometimes 6 to 8 inches, while leaf blades may be more than 20 inches 
long and 8 to 10 inches wide. Leaves of the juvenile form occur also 
on sprouts from stumps or wounded trees and may be even larger 
than those of seedling trees. Juvenile leaves a foot wide and nearly 
2 feet long were found on stump shoots in Panama June 1928, much 
exceeding the largest leaves on lateral branches of CmtiUa p<mamensi8, 
even where growth is luxuriant. 

The transition from the large, long-stalked juvenile leaves to the 
leaves that subtend the lower branches may be gradual, but often is 
remarkably abrupt, with leaf blades smaller and petioles shorter. The 
normal leaves of the trunk and permanent branches in CaatUla eloitioa 
have petioles about 2 inches long, with the blades 6 to 7 inches long 
and 6 to 6 inches wide. The leaves of the lateral branches in vigorous 
yoimg trees may attain a length of IS to 20 inches and a breadth of 
6 to 7 inches, but with petioles only 1 inch long, often equaled or ex¬ 
ceeded by the broadly rounded basal auricles. 

Preceding the large juvenile leaves are the small, short-petioled 
leaves of the seedling stage, only 2 or 3 inches long, as shown in plate 
6. The first two leaves of the seedling, shorter and broader than the 
others, and nearly opposite, may be mistaken for cotyledons. They are 
borne on a long stem section or epicotyl, while the true cotyledons 
remain in the ground, no hypocotyl being formed. The paired basal 
leaves, borne on a long stem section or epicotyl, are broadly cordate 
and open-veined, in contrast with the alternate, oblong, close-veined 
leaves that follow, between the epicotyl leaves and the enlarged juve¬ 
nile leaves. Thus the foliage of the Castilla tree may be considered as 
a series of specialized leaf forms: cotyledons, basal leaves or epicoty- 
ledons, seedling leaves, juvenile leaves, trunk leaves, and branch leaves. 
Castilla thrives in southern Florida and is worthy of study from the 
standpoint of structural specialization, apart from its economic 
interest. 
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ntOr^GATTOK OF CAPI1U.A FHOU FEB^CANSKT DBANCSZa 


Tlio specialized bnHicliing liabits must be recognized in order to 
appreciate the fact that Costilla is readily propagated from cuitinga 
of the permanent branches. Cuttinga of lateral branches would not 
servG^ cren if roots were formed, since lateral branchea ImTO no vege- 
tetiye faiida, Many cases orcre encountered in soutbem Mezico in 1902 
where roadside Castilla trees had been planted as fence stakes, and 
had grown into large trees, 

Propagatiou from Cuttings is a cultural espedient that may be ap* 
plied to Castilla in the event that suitable methods of mechanical ez- 
traction are devdopod and a rapid estenaion of production^ from 
Castilla is attempted. Abundant material would be available in dis¬ 
tricts where abandoned plontatioas still eiist, and aich cuttings could 
bo shipped rofldily if iu=i€idisd in othor localities. 

With Cai^Liila gtown in forest formfltion and trees Imnbered out 
for mechanical e 3 Ct metion of the rubber* the HmoUer limbs of the more 
productive trees inigiit be utilized in plantingB* Time and lahot 
might be slaved in thus avoidifig the need of seed beds, transplantingi 
and caring for young seedlinga. Sprouts that grow from the stum [is 
of productive trees libo might be used for propagation ^ith no loss of 
time in obtaining the advantages of selection. ^ j 

Althougli Cttstillo grows generally as a forest tree, it is rarely found 
in deep foreste, but is like the related trumpet tree nTCeor&pta ro 
being better adapted to relatively pp*m ‘‘second-growth foreste, ^ 
lands previously cleared and planted for a Benson or two, under the 
native system of agriculture, 

forest adaptations of thr paha bubbkr tree 


TLd natural adaputious of a plant are clues to ite cultural reqwre- 
meutA Tile seedling and sapling stages the Para rubber tree sho 
teverol peculiar characters that render them spccia y n 
undergrowth conditions in tropical forssts. Many typ^ ® 
arc definitely Bpecialired to live as undergrowth, and the develoi ^ 
of undergrowth vegetation in the forests of the Ami^n va ®y _ 
prolMbly greater tiinti in any other rep on. secdlmp “ ” , 

trees live at first as undergrowth plants, and Lave 1 1 m . 

specially adapt ed characters. Unless these adaptatiaiiH ^ niav 
several features in the behavior of the young Pnra ru r p 

not tie understood, , , j jn 

Some of the Hiwcittliziod shade plants require pro 
not thrive in tlic open, while others can grow in open p n^ ... x 
certain changes of accommodation, such a^horteniiig , 
the stems, branching closer to the ground, reducing 
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and thickening the tissues of the leaves. Such adjustments to condi¬ 
tions are shown in the Para rubber tree, but to a rather slight extent. 
Although the seedling foliage is delicate, exposure to the sun is not 
injurious as long as the soil and the air conditions do not reach a state 
of stress or injurious shortage of moisture. With other conditions 
sufficiently favorable, more growth may be made in the sun than in 
the shade, but the manner of growing is the same. 

The adaptive specializations of the Para rubber tree offer several 
complete contrasts with those of the Castilla tree. The number of 
specialized features is nearly as great, but they are not along parallel 
lines, or even analogous. Instead of developing branches 3 or 4 feet 
from the ground, where the Castilla tree produces its longest lateral 
branches, the Para rubber tree normally produces no branches at all 
to a height of 12 to 20 feet. The suppression of all branch-forming 
buds on the many joints or sections of the trunk is a specialized feature, 
since it is possible for branches to be formed at any height if the 
trunk is cut back. Even in the axils of the cotyledons are buds that de¬ 
velop if the plumule is removed. This makes it possible for the seed¬ 
lings to be split, by methods described and illustrated by Tioomis in 
1942, and two plants raised from the same seed. 

The habit of branching in the Para rubber tree is consistent with the 
habit of forming the leaves in clusters or “flushes.” Branching be¬ 
gins abruptly, with several vegetative buds developing at the same 
time from the axils of several leaves of the same whorl or cluster, at 
nearly the same level. The formation of such a cluster of branches 
normally makes an end of the main trunk of the tree. In exceptional 
cases only two or three branches are formed in the first whorl, and the 
trunk may continue its upward growth until more branches are de¬ 
veloped, but after a normal whorl of 6 to 12 branches has developed, 
a spreading or ascending treetop is usually formed, with no indica¬ 
tion of a central trunk. A brief account of “Branching Habits of the 
Hevea Rubber Tree,” explaining their cultural significance, was pub¬ 
lished in 1930. 

The earlier fruiting of the Castilla tree is determined by the habits 
of branching. Although the lowest branches of Castilla usually 
have no flowers or fruits, they are of the fruiting type, and the func¬ 
tional fruiting stage is soon reached, as in plate 2, often within 5 or 6 
feet from the ground. At the corresponding stage of growth the 
Para rubber tree has only half completed the development of its 
primary upright as a simple, straight rod, normally without the few 
branches shown at the right in plate 11. The uniform suppression 
of branches on the many trunk sections that form the primary up¬ 
right of the Para nibber tree is therefore to be considered as a special¬ 
ized feature of adaptation to forest conditions. The numerous differ- 
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ences in adaptiye characters between the Castilla and the Para rubber 
tree emphasize the need for critical comparison of the cultural require- 
ments of the two trees, 

brakchino habits of faea bubber tree 

As a consequence of the habits of branching in the Para rubber 
tree, two distinct phases of growth may be recognized: a juvenile 
phase that includes the development of a simple primary upright, 
and an adult phase that comprises the subsequent growth of the 
tree, after the formation of branches. The pattern of gro^rth m 
the young tree is characterized by the suppression of lateral buds 
in all the joints of the trunk, which results in the formation of a 
tall, simple trunk as rapidly as possible; in the adult phase many 
diTergiug branches are formed, and the upward growth of the tnmk 
to form a central axis of the tree is discontinued. 

Although the branching of individual Para rubber trees is ex¬ 
tremely variable, there is a notable tendency to form a cluster or 
whorl of branches at the end of the primary npright, so that many 
of the trees have the form of a brush or candelabrum. In exposed 
places, where the trees are checked or stunted, the branching pto 
is often disturbed, and a few branches are formed 
usually as singles or pairs, before a normal whorl of branches 
produced; or the branching pattern may remain irregular. 

INTEBMITTENT GBOWTH OF TEUKK 

The petten. of breechtag undoab^J h.s a ^ 

of doJopmont of the Iruok, by auaheo » 
pori^J of aotivity .ooolla ta the formatioo of * 
trunk, composed of nmnontno jointo of iSeront 
minallorf-Laring momboro of. grotrtb 

than th, t»aal motamors, trhiob often on, rntbont loaves, or have 
the leaves reduced to minute hooklike rudiments. 

The development of a new growth ^ 

fn “'■“idlfwbt^— 

r.^"C:irtlp“ en'TUna, botwom. Ut. dovdop--. of sue 

have advantages under forest wnd the deep 

only seedlings that ^ be c^te P ^^ 

forest are tliose tliat live witb very 
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ing maturity may depend very acutely upon the ability of the plant 
to take full advantage of the light that reaches it. The danger of 
the young plant losing any light by shading its own leaves is avoided 
by the arrangement of the leaves in rosettes, forming a circular 
cluster at the end of the shoot, like a small umbrella. 

UEAVES ABICANGED IN BO S E ITJK 3 

The leaves that form a rosette are of different sizes and have 
petioles of different lengths, so that the rosette arrangement gives 
them full exposure to the light. The complete suppression of the 
leaves on the lower joints of each of the growth sections—the leaves 
that would be shaded by the terminal rosette—is another feature of 
the arrangement. The leafless lower joints add notably to the length 
of the section and contribute to the height of the young tree. With 
every section that is added the light conditions are improved and the 
tree’s chances are increased of emerging eventually through the roof 
of the forest and finding a place in the sun. 

The number of leaves in a rosette is increased rapidly in the suc¬ 
cessive sections that are formed, fi-om the 2 leaves of the first stage 
of the seedlings to 12 or 15 leaves. Vigorous plants in the second 
and third seasons may have from 20 to 30 leaves in a rosette, while 
5 or 6 of the lower joints of the growth section are without leaves. 

MANY LEAFLESS METAMEBS 

A further specialization for forest conditions is seen in the suppres¬ 
sion of the leaves on many of the metamers, the structural units that 
make up the trunk of the Para rubber tree. The first stage of the 
seedling is highly specialized in this respect, with basal joint or 
epicotyl, the first trunk section above the cotyledons, not bearing 
leaves, although remarkably elongate. Epicotyls measuring 9 to 14 
inches in length were noted in Haiti. The Castilla epicotyl ends with 
a pair of leaves, as shown in plate 6, while that of the Para rubber 
tree has the leaves suppressed, and two or three shorter leafless raeta- 
mers may be formed above the epicotyl, below the first pair of leaves. 

The long epicotyl and adjacent leafless metamers of the Para rub¬ 
ber seedlings, shown in plates 7 and 8, carry the first leaves often a 
foot or more above the ground, much higher than the short epicotyl 
of Castilla, shown in natural size in plate 6. Thus it may be said that 
the seedlings of the Para rubber tree have all the leaves suppressed 
in the lower stem sections corresponding to those of Castilla shown 
in plate 6, where all the metamers bear leaves. 

As seen in plates 7 and 8, the first two leaves of the Para rubber 
seedlings are borne at nearly the same level, while the next leaf above 
this first pair usuaUy stands alone at the end, above an intervening 
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series of leafless metamerSj usually three to five^ corresponding to 
the leafless metamers below the first leaves. Thus the alternation of 
groups of leafless and leaf-bearing metamers in the subsequent devel¬ 
opment of the trunk may be bomologized with the specializations 
of the seedling. 

In the later development of the tree the specialized basal metamer 
of the seedling appears somewhat distinct. Often this section is rather 
abruptly thickened in advance of the others, and the enlargement con¬ 
tinues in many trees to the formation of salient angles or buttresses 
around the base of the trunk. The production of adventitious roots 
from the surface of the enlarged basal section also occurs rather fre¬ 
quently, especially on young trees that stand in depressions or where 
the sou is deepened by top dressing. 


SPONGY, PERISHABLE SEEDS 


The seeds of the Para rubber tree are very similar to the seeds of 
some of the palms that are specialized for forest conditions. There 
is a thin outer shell of very hard columnar tissue, fiUed with the rather 
succulent, loose-textured cotyledons, like the endosperm of some of 
the forest palms, as OenocarpuM and Astrocarywm. The soft texture 
of the seeds may not be an advantage in itself, but is doubtl^ due 
to the fact that water is carried in the tissue, so that the preliminaries 
of germination can go forward without waiting for moisture to be 
absorbed from the outside. Thus it is possible for the seeds of the 
Para rubber tree to germinate without being covered, but merely 
lying among tlie dead leaves or on the surface of the ground imder 
the forest shade. Germination may he deferred to some extent if the 
seeds are kept a little dry, but they die very soon if drying is earned 


too far. . , , 

The hard shell is not ruptured in the germination of the seed, the 
plumule, carried by the growth of the petioles of the cotyledons, emerg¬ 
ing through a small round hole, a method of germination that is fol¬ 
lowed in many palms. As soon as the roots are exposed, the seedling 
can absorb moisture from wet surfaces, though the soft-textured coty¬ 
ledons, protected by the shell of the seed, may continue to fimction 
for storing and equalizing the supply of water ^td the roots ^ve 
penetrated to permanent moisture. Having made i ^ con ac ^ 
th. soil, the Pm rubber seedling rrsstes no tune foming 
the ground, but sends up n smooth, slender, green stem, sometimes 
foot long before producing any leaves. 


leaves or SEEDLINGS deuoatb 


The delicate texture 
adaptation that seems 


of the leaves of the seedlings is another forest 
to be definitely established in the Para rubber 
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tree. The ei^cdling leaves are much thimier than those of adult trees, 
and apparently mucli more susceptible to injury from esposurc to 
advert conditions. The change in texture from the thin seedling 
leaves to the thicker and firmer adult leaves occutu much earlier in 
some trees than in othei*s, a ditTerence that may be of value in develop¬ 
ing resistant varieties. 

Where soil conditions are perfect, seedling plants may tolerate full 
exposure, but in heavier soils the seedlings are more susceptibln to in¬ 
jury from direct sunlight, Under the equable forest conditions the 
asediings have a persistent vitality that probably allows them to 
survive for many years in places that are too dark or too tmfa vorable 
ill other ways to permit norma] growth. PlanUj abandoned in old 
seed bedji, after being stunted for S or S years, have been able to re¬ 
cover the vigor of nor to el plants. Tha tolersjice of shade eonditinna 
showe the extent of forest adaptation, which alao may be inferred 
from the absence of surface protection by hairs or bud scales aa in 
Castilla, anti _froin the presence of special openings or water pores in 
the lower surface of the leaves, os described by Bobilioff. 

A «HOWTII PiaORDER IS SEEDLINGS OP PARA ttUnilEn 

A growth disorder often affecting largo proportions of the 
of the Para rubber tree is worthy of earefui study and comparison 
with analopus disorders of other plants, in the interest of better 
understanding of habits of growth and cultural requirements during 
the sec<Uing and juvenile stages. Since the disorder is most aevere 
and striking in the young seedlings, much of the injury has been 
avoided by the simple expedient of disvjarding all tho si tinted or dis¬ 
torted individuals in the nursery stocks, under the i | * F Ufll precaution 
that only nortnal, iHgotous trees are to be set in the plantations. Even 
among normal rubber trees, those that pass muster in transplanting 
and nii^o satisfactory growth in the plantations, an enormous di¬ 
versity is found~grcater than in other tree crops. 

'Hie trees in the rubber plantations are found to differ not only in 
the stature and proportions of the trunks, leave?, floral characters, and 
but also in the bark texture and in the latex tubes, which mow- 
dcfimtely affect the yields of rubber. The eurface of the bark may be 
smooth or finely wrinkled like a beech tree, or rough and remos^ like 
an elm or an oak, while the structnne may be uniform, soft and cheesy, 
or brittle and gritty with stone celU In eipcrimenta where records 
of individual tre^ are carried through long periods eomc trees are 
found to be yielding scarcely any rubber, and others only amaU 
amounts, wlnle ft lew individuals are far above the general average, 
60 that 75 percent of the rubber is produced by 15 to 25 Dercent of tlm 
trees. Budding from high-yielding trees raises the average, although 
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the indivLtiual yields still vary widely on account of diTeraity u£ flie 
etOlJcS- 

Tlie multifarious iudividmi] dirersitiea shown in these ditvorders 
^re of potential interest and aignificsirice in relation to hen^dity and 
CTolutionj in showing that grpiil numbers of different patterns^ of di- 

rergenco ffom iiormal heredity are set iip and conBietcntly foll^ed 
for weeks, montlia, or years in tlie development of the individual 
plants. These individual patterns are often so completely different m 
closely contiguons planLs as to forbid any assumption that different 
conditions of growth explain tJie variatirms. The effects of l<>f«d 
conditions or injuries may be seen as inducing the general instnbi ity 
in the express on of the hereditary characters that seems also to 
in some of the dcfidcncy diseases, giving rise to extremely varied 
symptoms. 

nn^*tTTT in ahkohmai. 

In addition to tlie variants that grow with nearly noimol vigor, 
there are gnat numbers of seedlings Umt must l« reckoned as deff^ 
nitely abnommL Many are practically leaflets, or with leaves so pale, 
dwarfed, and distorted that the plants are able to aiirvive only while 

protected in the seed beds. . . 

Many illustrations would be nquired to sh«w the range of 
in the various characters, Imt the threejiven in plates 9 10 - 

liistrat« abnormally nari'OW leaves of diff^ent fonn^ 

t™.e form is shown .t 111 . right of pinto *■ ™lh the pnmnry y.™ 
mud. ctomr nnd more nnnmreon Ihnn tho* of ootoial pmoim Aom 
«l the left in pllte 10. The nnrrow, tapering,P"™!". 
of plate 10 haeo little i«wn*lanco to the hng, P 

plote H Many vaiiante here dill nenn*.r puroe, with t he Marg in, 
natehed to the midrih, .hile others have currMl or twisted P">n«. » 
fonnehshspel “imeidia.” The »ri=i of felisr aherrMions is cM opaia- 
hle to tliat of the femilier “endons” or i^iaenMa, 
to the spurge family. Bnaa. of normal fonn are ““ 

as limg as wide, while wane of the abnonnal pmnae e« 10 to OT 
as long as wide. Some tbnomial planis hare ns ^ 
fcnger than nsnal, or the dallm may be «ry “ 

gether, SO that the pinnae do not eeparate. Some 

numcrary pinnae, 

REoovrttT or rfoastAt roiiMS 

A notabjo feature of these abnonnol rubW OTO^th 

and striking changes toward more norni “ P with only narrow, 
beJiarior are possible, ss ahown m plate normal, or 

slotidcr leaves devdups a mw -shows that thts 

nearly normal, proportions. This abdi j 
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pattern of normal growth has not been lost, but only suppressed during 
the ^age of abnormality, as in growth disorders that are caused by 
feeding punctures of plant lice, mealybugs, or leafhoppers, presum¬ 
ably as effects of salivary secretions of the insects, without virus in¬ 
fection, so that normal growth is resumed upon removal of the insects. 
Such disorders are known in cotton and many other plants, but these 
malformations are relatively uniform in each disorder, with no such 
individual diversity as in the disordered rubber seedlings. Marked 
diversity with potential recovery is a distinctive feature of the growth 
disorder of the Para rubber seedlings, and the interest of this combi¬ 
nation is not lessened by ascribing the abnormalities of the rubber 
seedlings to mites or “red spiders,” as reported from the Dutch Indies. 

A MATCKE THEE WITH KAEKOW LEAVES 

'^at some of the marked variations might survive and reach ma¬ 
turity is suggested by the discovery of a mature, narrow-leaved tree 
in a neglected planting of Para rubber at Bayeux, Haiti in 1925. 
Leaves and flowers of this tree are shown in natural size in plate 10, 
in comparison with those of a normal broadleaf tree in the same 
planting. The entire tree was narrow-leaved Like the branches that 
were photographed. One branch had a fully developed fruit. Such 
an aberrant tree in ordinary practice would be left in a seed bed instead 
^ being set in a field planting, but may have grown in this instance 
from a volunteer seedling. Taken by itself such a tree might be re¬ 
corded as an outstanding mutation, but doubtless should be considered 
against the background of wide diversity appearing as a growth 
disorder. 


THE PABA rubber TREE AS A HYBRID STOCK 

T^s variability of the cultivated rubber tree may be connected with 
the biological status of the wild stock in South America. Because of 
the geographic position of the species in the lower Amazon valley and 
the adaptation of the seeds for floating, unusual conditions for hybrid¬ 
ization are afforded, not as a rare contingency, but as a frequent occur¬ 
rence. Swollen currents from the upper river often reverse the flow 
^ the lower tributaries, so that floating seeds may be stranded far 
from the mam stream. Thus the stock of Siphonia over a wide area 
of the lower vaUey must have remained continually accessible to cross¬ 
ing with the several up-river species. Hybridizing as a preliminary 
to selection has been accomplished in nature, 

RUBBER IN A DESERT SHRUB 

The Aird place in rubber history must be accorded to the guayule 
shrub, Parthemmrt argentatum^ a native of windswept desert table- 





NATURAL RUBBEB—COOK 


399 


lands in northeastern Mexico and the adjacent Big Bend area of west¬ 
ern Texas. Greater contrasts than actually exist between this rubber 
shrub of the open deserts and the rubber trees of the tropical forests 
would be diflScult to imagine. The only resemblance lies in the 
presence of rubber, and even in this feature there is no similarity, since 
guayule does not have latex, but forms its rubber in separate cells of 
the bark. 


Guayule is one of many low, compact, woody shrubs with small gray¬ 
ish leaves, forming one of the principal types of desert vegetation, as 
appropriate under the desert conditions as are the tall, spreading trees 
to the conditions of tropical forests. Hundreds of similar grayish 
shrubs have developed in desert areas in different parts of the world, 
alike in general form and appearance, but showing unlimited diversi¬ 
ties in structural features and derived from many different families 
of plants, Guayule stands apart from other rubber plants in its rela¬ 
tionships as a member of the thistle family, not of the lettuce or chic¬ 
ory family, which also have rubber but in the form of latex. The dis¬ 
covery of rubber in guayule doubtless was made long ago, since the 
natives of northern Mexico relied on guayule rubber for making the 
rubber balls used in traditional games and ceremonies. The natives 
extracted the rubber by chewing the guayule baric. The presence of 
guayule in Texas was learned from finding baUs of rubber as obstruc¬ 
tions in the stomachs of range cattle that had died suddenly. 

Little has come to light regarding the early development of a guay¬ 
ule industry, first as an export trade that had reached a practical scale 
before 1902 preceding the development and use of machine^ for ex¬ 
tracting guayule rubber iu Mexico, and later in western Texas, a 
Marathon. The photograph reproduced in plate 13 shows a quantity 
of baled guayule in a storage yard at San Luis Potosi, in June 1902. 

No other experimental undertaking by private interests m the field 
of applied botany has been carried so far. With the specialized me 
ods and machinery it appeared that costs of production might to 
brought down to 20 cents or less per pound, m the period tofore the 
price of plantation rubber declined to that level. Even wi i ara ru 
ber at 15 cents or less, the demand for piayule as a ^^Pounding in¬ 
gredient provided a market for the limited quanti y a was _ 
able. A limiting factor in California ^ 

to a point too high for the development of a large j ' 

In Texas, where large areas of low-priced land 
proved to be susceptible to the root-rot disease, 

lives in the soil and is often destructive o co , November 

The factory at Marathon closed in 1926, but was 
1943 as opened for emergency production, using the gu 7^ 
the Big Bend district. 
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DETELOPINO A OUATUI^ INDUSTKT 

In a few years it was plain that the natural supplies of guayule 
were becoming inad^uate, and measures for maintaining the indus¬ 
try began to be considered. Large areas of desert land were acquired 
by some of the rubber companies, and various expedients tested, such 
as protecting young plants and scattering seeds in places that seemed 
most favorable, but with little result. Cultural experiments also were 
undertaken in Mexico and later transferred to southern California, 
near San Diego, in the period of unrest following the revolution of 
1906. The results appeared promising, and in the course of about 30 
years the work was carried through the stages of selecting and testing 
many superior varieties, and of developing higlily mechanized equip¬ 
ment for large-scale production and extraction. The proportion of 
rubber in the better strains of guayule is higher than has been deter¬ 
mined in any other plant, approaching 20 percent. 

Plantings of guayule in the vicinity of Escondido, northeast of San 
Diego, were increased to about 400 acres, and later, near Tucson, Ariz., 
plantings were expanded to a scale of thousands of acres. There, 
however, conditions proved less favorable for the growth of the 
plants than had been expected, and the undertaking was transferred to 
the Salinas Valley, Calif., in the vicinity of Monterey. There a fac¬ 
tory large enough to extract the rubber from several thousand acres 
of guayule was built and operated. Grinding, retting, and vacuum 
treatments are necessaiy, the last to waterlog the wood particles and 
allow all the rubber to float, wliich completes the separation. The 
expenditures for land, research, and equipment of the three large-scale 
^riments with guayule were credibly reported as approaching 


effect of RIDIFT’s mSCOVEBT ON GUATUtE AND CA8riu:.A 

To mfer from the history of guayule that the undertaking was de¬ 
fective or ill-advised would be unfair. The planting of guayule in 
nor^em Mexico was projected in the same period as the planting of 
Castilla m southern Mexico, and either or both of these undertakings 
might have returned good profits if rubber had not declined below 
a dollar or even 50 cents a pound. Ridley’s discovery in the Orient 
of a continuous method of extracting rubber from the Para rubber 
trees remained, as we have seen, practicaUy unknown and unexplained 
for man, after it ..a being utiliaed on w. eatensiv. acale. 

Ihe Ridley method was possible because the Para rubber tree was 
equipped with a system of connected latex tubes, and because large 
Millies of cheap and skillful labor were available in the East 
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Nobody could know beforehand how soon the Para rubber of the 
East Indian plantations would come, like the cotton of our Southern 
States, into speculative markets where prices would be forced down far 
below the costs of production by a normal farming population, to 12 
cents, 10 cents, or 5 cents. The rapid advance to large-scale pro¬ 
duction of rubber in Malaya had the effect in a few years of pre¬ 
empting the field and placing commercial handicaps on any alterna¬ 
tive developments. Every invention or improvement runs the risk 
of being blanketed or outrun by some competing improvement, more 
effective or more attractive. The chance of such a discovery and de¬ 
velopment as took place with the Para rubber in the East Indies must 
be considered very small, but it did actually occur, with the effect of 
reducing the Castilla and guayule projects to the status of nearly 
complete failures, as long as rubber could be had in unlimited quan- 
titles from the East Indies, 


POSSiBlIaiTT OF APFLTING GTJATUliE EXTEACTTION METHODS TO CAfflTrJLA 

A possibility recognized in recent years is that the mechanical 
methods of extraction developed through the long expenenre with 
guayule may be adapted to the extraction of rubber from the bark of 
the Castilla tree. An observation was made in Haiti in 1930, reported 
in 1937 and in 1943, of the finding of good-quality rubber m decaying 
Castilla bark, instead of merely a black pasty residue left by the latex 
in the dead bark, as previously observed and ascribed to the action 
of the oxidizing enzyme. This internal coagulation of the latex means 
that the rubber of Castilla is brought within the p^hility of 
mechanical extraction by grinding the bark and separating the rub¬ 
ber, as practiced with guayule. Such an approach to mechanical ex¬ 
traction is entirely different from attempting to draw ou^r to squeeze 
out the latex, or to extract the rubber by solvents The means of 
coagulating the rubber in the Castilla latex is a simple heat treatment 
to destroy the oxidizing enzyme, only moderate temperatures below 

rub,*. « . - 

worked out, would open the way to a system of 
requiring much less labor than for tap^g and 
in plantations of l»tex layer 

.tt^ultunetoormoruiuOudm*. 

of the rubber m.teri.1 iu the letex tubes », 

eite^ied by euy rf tte “pours like wster 

fcl'ir^lJ^-^^Lcuut^.tu,rubber ruus out 
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ip witlioiit foundation. The lalex tubes are only slightly compressed 
by the release of the bark pressure aiul are still full of latex, which 
r^ait^ in the bark and iu lost. The proportion of rubber to bark 
tissue in Castilla is doubtless much lower than in guayule, since the 
Castilla bark is woody ami fibrous, but witli the rubber coaijulati^l in 
tough elastic strands, the estniction procesa may be much simpler, 
Guayule roust be ground Tcry fine, to the point of bmiking down 
iBoiTiduiL] dellsj ia order to relense the rublier materioJ. 

Several cultural advantages of Csj^tilln are obvioua. The socdlinga 
and young plants are hardier than those of the Para rubber tree, in 
the sense of Uing adapted to a much wider rauge of adverse con¬ 
ditions, The young trees develop and reproduce more rapidly, and 
al^ propagate readily from large cuttings of the vegetative branches. 
Thus It may be ho£>ed that the renewal of interest in Castilla ami 
gua^le during the present wartime emergency will carrv through to 
an effective determination of production posaiblities. 

hot only the CastiJbi rubber tree, but other latea trees with aimilar 
fappuiff problems, such aa datiica, chicle, and balata, are of 

interest from the standpoint of mechanical extraction. It is not 
unthinkable that trees mlaptcd to mecdiitnicol extraction eventually 
might replace the Para rubber and lend a wider significance to the 
work done on guayule. A man of great energy, unite intelligence, ami 
con^tive etigmeenng ability, the late George H. Carnahan, preai- 
dent for many years of the Liter-Continental Rubber Company, was 
largely responsible for the remarkably persistent and effective in- 
vertigation of tlie cultural am] mechanical problems. Unlike many 
private undertakings in the scientific field, detailed accounta of var- 
mua stages of progress in tlie guayule imdertaldiig were published 
Carnahan undoubtedly should rank with Edison, Ridley, Wickham, 

^ Condomiua among eminent names in 

RUBBER tX HEBERT MILKWEEDS 
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lower figure shows a planted field with the milkweed behaTing like 
a grass crop, from which successive cuttings could be made. 

The rubber content ranged usually from 2 to 5 percent in the wild 
plants, in exceptional cases reaching 6 percent. The stems have a 
rather heavy coating of wax and a layer of rather strong bast fibers, 
to be considered as byproducts; also, the floss from the seeds of milk¬ 
weeds is reported as being of industrial value. A general difficulty is 
that the leaves are difficult to harvest, as in the case of the goldenrods 
already mentioned. Another desert milkweed, Aselepw erosa, with 
very large leaves, was also investigated, as reported in 1938. The 
leaves were found to contain about 90 percent of the rubber, and the 
rubber content of the leaves was definitely higher than that of the 
stems of A. subviaJta, with a mean of 50 determinations showmg more 
than 8 percent and a maximum of 13 per<»nt. Recent observatioi^ 
by Dr. Walter T. Swingle indicate that this species may be adapted 
to 8 wider range of conditions than S* and may be better 

suited to regular cultivation. 


CBTPTOSTEGIA AS A SOIL COVES 

An incident that occurred during rubber experiments m 
showed an unexpected cultural relation between two types of ^bber- 
bearing plants, the Para rubber tree and Cryptostegia^andiiiora^ 
woody trailing vine of the dogbane family, native m Madagascar. T e 
latex of Cryptostegia yields rubber of good quality that was J 

sported Irom M.d»gBSC.p. It is ms st the plants that was tested 
b, Edison in Florida and is non being tested on a large scale in Ha 
and in Mexico as an emergency rubber resource. 

A casual planting of Cryptostegia near Port-^- 
in a small seed bed previously used for Para ru er, u m , , 

all the Para seedlings had been removed except a few ^unt^. le^le^, 
and moribund survivors, overlooked or ‘^^regarded when the^p 
stegia seeds were planted. A vigorous growt o ji- 

covered the ground, so that the stunted ^ <. few months later 
concealed and forgotten. It was a surprise to find a ^ 

that two plants of the Para rubber, instead of being 
and suppressed by the Cryptostegia, were mafang v g 

normal, advantag^ 

instead of competing of the Para rubber, 

as a soil cover or nurse cr^ for the ^ ^ 

As the planting was done m Para rubber 

dition definitely unfavorable for ope p depauperate seedlings 

trees, it would have teen ^ J the Crijostegia had not 

to have recovered and grown vigoro y -f further study 

been pianted. Tiua favorabie reaction seema worthy of further J 
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to dctcnnin? tii® of the advantJige pad the rangH of coniiitiona 

under vi Jnch Cryptoitegia might contribute in estabihihiiig planta¬ 
tions of the Para rubber or other useful trees. The Crtjptosiegia rub¬ 
ber might bei^uTiiB a byproduct if suitable methods of axtractioD could 
be deveJoped, Cryptostegia ia not » shade plant and “wrould not be 
expected to form a oontinuoua canopy of foHage. The use of cover 
crops in Uie li^ast Indian rubber plautatiuiis bad become a general 
practice in recent year*, diowing that a very dense shade ia not 
formed. 

THE AFRICAN RUBBER TREE JN SHICLTER BELTS 

Another member of the dogbane family, tlie African rubber trw 
f'uiitumia el^i^ticoy may serve cultural purposes quite distinnit from 
those Bcrvwi by Cryptost^gia- Shelter belts are often needed in 
tropical cultures, not only as soil covers and \Findbrcaks, but also for 
deluding otlivi* vcgetatLon. Bamcra against gra^ or other weeds 
(nay be very important for fire protection or for other reasons. The 
behavior of F’ltntvmia. in Haiti and in Florida shows several adaptive 
characterH that may make it useful for planting with other trees. 
One of these charncters is tlie formation of a close, oontinuous leaf 
crown or citTiopy of foliage which docs not admit enough sunlight 
to enable plants to grow beneath it, so that grass and weeds urc 
excluded. Projects for refonjstatioii with rublaT trees or eetabliidiing 
rubber reserves may be atisisted by using bordem or barriers of 
Funiurnia. lilccbonical extraction of tbe rubber from the bark is 
likely to prove pruclicablfl, na with Castilla, if Fvntvmis ahould be 
grown in sufficient quantities for such a process to be developed. 

A HARBY OUTTA PERCHA TREE 

A hardy tree from central China, EucO’/itmia vliofiiden^ has been 
studied in severul European coutitrips as a potential source of rubber 
and has been found to thrive in numeroua InealitieH in the United 
States from Maisacbusetts to California, Ko lack of hardiness is 
indicated, but the sexes are on separate trees and relatively few 
cases of seed production Imve been reported. At Ijimham, Md., seeds 
are pnaluccd in normal seasons, but all the flowers may be killed 
by late frosts. The seeds are winged and are widely dissemitiatcdi 
but only a few self-sown plants hove appeared. Only one volunteer 
tree has grown well— 4his in an optiii place. Tolcmnca of shade U 
not indicate A 

Latex tubes an! not found in but a rtibberlito suhstance 

is formed in small chambers of the bark, leaves, and seed capsules, 
a substonoo that dWilvea and priscipitates with the same chcnucal 
reagents that arc used with rubber and gutti-percha. The Euctftnmm 
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gum U like gutto-percba in being tough rather tlmn elastk; it is not 
nt all pasty or stirhy, as aro many of the near-mbbers. 

A peculiar feature of the Evronimia gmn is that it tioea not become 
plastic nr adhcsiTe tiUeu heat up to the boiling point of water is 
applied. Thougli such a properly of raaistauce to heat ia of special 
value in imuie of the uses of rubber, the lack of cohesion among the 
rubber particles has prevented the application to fi’ucommii of the 
processes of mechanical eitraction that have been developed for 
guayule. Eitraction wiih solvents is possible, and samples ubtoined 
in tliis manner leave no doubt that tlie material is Bmi, tough, and 
flexible, but coste may be prohibitive unless siJtscial uses are discovered 


EUiX^MirCA, A TRKE THAT 2^EVra BliSa&OMS 

The Eucimmia tree has footures of such iMtanical interest as to 
bo valuable for purpoaes of instruction in any institution TPhere 
botany is taught. All universities or other schtada that have trw 
collections, or even "garden and grounds,” should hava Eueommia 
branches as ‘‘laboratory matoriol.” The period of reproduction is 
in the early spring, when floral botany usually receives 
The tree is vigorous and handsome, tiic foilage much re^iemblmg that 
of an olm, as the specific name indicates. 

The aducstUmal function that may serve m^t effectively 

ia to fumiali background for all the courses of study Amt relutf 
development of special floral emrclopes in the various families of 
higher planta, the "flowering plants ” -a they are usually ^lod. The 
lack of floral spccialiMtion in Eutommia is most complete and re 
markable; there aro tm organs that can be interpreted as or 
corolla, or even aa n trace or indication that such OTpim. ousted pr^ 
viously and have been euppreseed. A more pr^iiive state or base 
line of floral development is hardly to be imapm-d. 

The stamena and pistib, shown in natwnd size in plate 
only floral organs, and these are green like the leaves, so that not ^ 

m the nature of a btoKsom in the popular 

alder or a pns^ willow has a much more striking “bloom. 

ceptacles nsing from the aids of ibcthe bud scales 
and from the aiik of intermediate leaf foro^ 

and the foliage leaves. Some of tlicre „ norHlst through 

veloping chlorophyll and soon withering, w 11 0 

the aenicau an tindersiHsI Imtcb. completelv dormant on 

At Lsnham, Md., the 

March 9 , 1936 , after protracted cold weather, but as bcgmni t 
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arate and show green color on March 13, when Coryliis flowers were 
well advanced, with many empty stamens. The Eucommia stamens 
are deep green and notably accrescent, becoming only slightly yellow¬ 
ish at maturity. A length of 8 to 10 mm. is attained, with the fila¬ 
ments 1 to 2 mm, long, the receptacle 2 to 4 mm. The number of 
stamens on one receptacle varies from 3 to 10, usually 6, 7, or 8, with 
6 as the modal number. 

The pistils and fruits are green, those that are not fertilized, or at 
least not fertile, often persisting with the fertile fruits, not growing 
as large but retaining a deeper green color. The fertile fruits exceed 
4 cm. in length, the infertile 3 cm. The large, straight embryo is en¬ 
closed in a hard shell near the middle of the fruit, shown in plate 15. 
Two collateral ovules develop in the unfertilized fruits to a length of 
about 3 mm., noted as still living on July 23, when the fertile fruits 
were nearly full size but immature. The seeds ripen in September 
or October, but do not fall until a rather severe frost has occurred— 
in Maryland about the middle of November. The female tree may 
defoliate 2 or 3 weeks in advance of the male, while the fruits are 
still in place. 

The EucoTwini<i tree is now placed by botanists as a monotypic 
family Eucommiaceae, apart from any other group, after being as¬ 
signed provisionally to several other families, such as Magnoliaceae, 
Trochodendraceae, and Hamamelidaceae. The last group, the witch- 
hazel family, is considered as remotely related. 

EUCOMMIA SUPPRESSES ALL TERMINAL BUDS 

Another special character of Eucommia, adding to the educational 
interest of the tree, is the complete suppression of terminal buds. 
Each branch or twig of Eucomima ends with an intemode that de¬ 
velops only a rudimentary bud, concealed in a minute pit in the leaf 
base. In the absence of a bud, the petiole of the last leaf continues 
in the direction of the branch, instead of being pushed aside to a 
somewhat oblique position by the enlargement of an axillary bud, as 
happens with all the preceding leaves; also, the petiole of the last 
leaf of a shoot or twig of Eucmmia ia usually longer than that of 
the adjacent leaves. Such an elongate petiole marked at the base by 
the pit enclosing the rudimentary bud is shown in natural size in 
plate 15, extending obliquely at the right of the lower figure. 

The term “sympodial” might be applied to the branching habit of 
Eucommia, as to plants where terminal buds are replaced by flowers 
or by tendrils, but with Eucommia there is no replacement the apical 
intemode being merely deprived of its bud and then appearing as a 
sterile lateral stub after a new shoot has grown from the subte^inal 
bud. 
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The suppression of its terminal buds places Eucartm^ in complete 
contrast with the tropical rubber trees, where specialization is ac¬ 
complished very largely by suppression of all the lateral buds in the 
early stages of growth. The simple primary trunk of the Para rub¬ 
ber tree, without any twigs or scars of branches, represents a complete 
suppression of the Tegetative buds, like the trunk of a pahn, with only 
the terminal bud serving for vegetative growth. 


thb baiata tbeb 


The baiata tree of South America, first noted in French Guiana by 
Aublet in 1775, apparently extends through several neighboring coun¬ 
tries. It is one of the near-mbbers that seems worthy of being utilized 
on 8 much larger scale. The baiata gum is similar to gutta-percha, 
and although not elastic like rubber, is flexible and tough, even when 
rolled very thin. In the opinion of manufacturers experienced in the 
use of both gums, baiata would have been valued as highly as gutta¬ 
percha if regular supplies had been available. Although the baiata 
gum has had commercial status for nearly a century, the tree remauis 
little known, with even its botanical identity still in qu^tion, btgb 
and fruits of baiata from an experiment at Bayeux, Haiti, are^own 
in natural size in plate 16. The stock may have come from 
Guiana. The growth of baiata has been reported as very slow, which 
doubtless is true of the forest trees, but the growth in Haiti was com¬ 


parable with that of the rubber trees. . 

The name given by Aublet was Achras Jxdata, which Gaertner 
placed as Sfimiaops halata in 1807, a designation that has been widely 
used. A different name, ManUkara hidentata, appears m Record s new 
work on “Timbers of the New World,” adopted from writers who in¬ 
ferred that Aublet’s halata was not a native tree m French Guiana, but 
had been introduced from Mauritius. Such an intJ* 
implied in Aublets statement, which merely associates tke Gu 
baiata with a tree previously seen in Mauritius, where Aublet had sj^t 
several years. Two localities in Mauritius were no , u_ ^ _ 
locality, which may simply mean that the tree was ^ 

CayennL. Aublet’s description is brief, but paraUel to those of the 

sapote and the sapodilla, as species of Achrag. 1 s with 

ITie similarity of the leaves and flowers 
those of the saiiiilla in plate 18 leaves little doubt ^ ^ 

closely related. They belong to the sapota family, a 
of tropical trees, some of them attaining gtea ^ dura- 

fruitsfuseful latexes, and valuable woods, .rt7eL ” A.S 1^^ 
ble. ^me of the famous South Amencan 

as massaranduha, also are included; the A ex is lucuma of Peru, 

by many travelers as pleasant and wholesome. The lucuma reru, 
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the sapote of Mexico, the star apple of the West Indies, and the shea- 
butter tree of Africa are members of the same family, as are also the 
original gutta-percha trees of the East Indies, Pdaquium^ UonmdTa 
or Diohofm. 

The balata gum has often been described as intermediate between 
rubber and gutta-percha. Gutta-percha has been replaced to a great 
extent by vulcanized rubber, and now by plastics, hnt the need for 
balata may be expected to continue. Insulating of the early Atlantic 
cables was the culminating service of gutta-percha, largely exhausting 
the natural resources of that gum. Mechanical extraction of gutta¬ 
percha from the leaves of cultivated trees is a modem development in 
the Dutch colonies, and balata may be obtainable either in that manner, 
or by extraction from the bark, as practiced with guayule and proposed 
for CastiEa. The close-grained, durable woods obtainable from mem¬ 
bers of this family may feature as byproducts in considering the 
cultural problems. 

THE SAFODILLA, OB CHEWING-GUM TKEE 

One of the near-rubber trees that doubtless will become better ap¬ 
preciated in the future is sapodiUa, well known in the West Indies and 
in southern Florida for its delicious fruit. The same tree, named by 
Linnaeus Achras zapota^ grows extensively in the forests of southern 
Mexico and Guatemala, where most of our chicle or chewing gum has 
been obtained, though in recent years substitutes have been sought in 
many countries and also in laboratories. 

The chicle trees in the forests grow so slowly that setting out plan¬ 
tations for the sake of the gum has scarcely been thought of, but other 
elements of interest should not be overlooked in southern Florida or 
in other tropical countries. The fruits are delicious and wholesome, 
the trees are magnificient, and the wood is of fine texture, rich color, 
and amazing durability. The ancient Mayas used carved timbers of 
yoa, as they called it, as lintels over the doorways of their temples, 
and some of these remain in place after many centuries, even in a 
tropical climate. The abundance of chicle and breadnut trees {Srosi- 
mum dlicusiTum) in the forests that now cover the ruins of the ancient 
Maya cities suggests that the edible fruits of these trees may have 
contributed to the support of the former population, supplementing 
field crops of maize, beans, yautias, and sweetpotatoes. 

When it grows in open places the sapodilla is a stately tree with 
densely tufted, deep green leaves, firm-textured and persistent on all 
the branches, even near the ground. The tree shown in plate 17 , the 
largest known in Florida, grew at Fort Myers in the main street of 
the town, but was destroyed in a building project of the boom period. 
The leaves, flowers, and immature fruits of the sapodilla are shown 
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in natiiml size in plale 18. The uhape of the fruLtii viines from o^l 
to bftjftdly rounded, or the base may be Battened like a Th'i 

fruit has a rwsset surface, wilL white or slightly innkisb heah, 
resembling a high-grade pear in color, taste, and tiature, eTflO to the 
presence of Stone cells. Tlie texture may be too delicate for commer¬ 
cial handling in storage and shipment, but for home use m 
Florida and m other tropical countries, the sapodilla ifl one ot 

finest fi-uit trees. 

OUR BODSEHOLIJ ■‘BDEBfiR PLANT' 

One of the tropical rubber trees is well known in 

United States as an ornamentai. It is its bar 

of our liringrooma, conserratones, and hotel lobbi^ with ts ba 

niehed emerald learea. The houso plants aje grown fr^ 
a la.^ fig tree, Fi^ frcqueiiUj referred to the^m rub 

her tree from ita original habitat in lha forests ^ 

Growing in an open place, tb® tree hue a fipreadiiig hebi, with the 

trunk and lower bnmehes supported by mony buUr^ Florida is 
banyan fig of India. A thriving tree of F^ Vi 

shown in plate 10. The leave, on yoimg and of 

inches long, like those of our hou^plant cntting?. whilo tbe 1 ^ 
fruiting branches are only 3 to 4 inches long, as a lown in n 
in plate 20, with the small cylindrical figs. 

Under natural conditions in deep forests the tree i^d W ^ 

ually epiphytic, tliro^fifU ki^ be discovered in 

branches.’’ As the first commercial rubber tree to _ 

the East Indies, it was given much 

rears. The trees in the forests 'vere exp oi «* Al'tpiets. Tbs 
naled, hut large plantings were 

results were njor^ favorably ^fi«t, JJ^^itntions 

rubber brought prices too ^ thtso of Castilla, and 

of the manual tapping method are similar ^ th^ o^Ca^ > 

the use of meclianical extraction is an altomativo that may w co 
ered in the future, 

TWO straeni* iw os** 

The rubber of the A^am fig tree is of unown in rub- 

and sticky in young trees, be found. A lorge 

bor from Uie same tree perceptiblu samnle of good 

tree in Haiti that in a P^viou. J-r had 

rubber baiiiicned to bo heavily manu . jjjgp, heavy 

On that side the de^dopment. Only 
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th€ side of the tree, where the predous tapping had been mndei 
the rubber still ahuwed good quality. The contrast of the two oam . 
plee, one elastic and tough, with Oie surface clean and dry, the other 
weak and sticky, left no doubt that the quality of the rubber nuiierial 
fonned in the latex could be seriously affected by conditions of 
grow til. 

SELECTED LIST OF PREVIOUS PUBLlCATtONS RBLATINO TO 

uubiif:r or to growth disorders of plants 

(Unicse otticrwiHD Htated, all papen vcie written by tbe praaeat author. Fepei* 
in thW Jkt an imiaUy nf^rred u> in tbo text merely by dat«.) 

IflOO, Rubber cultivation for Porto Rfco. U. S. Etep. Agr„ Djv, Bot. (3ro. 39 

12 PH 

leOl. Agrlcultun in the ttepfeat Rtanda of the United States. U. 8, Ocp. A^- 
Yearboolc for 1901, pp. 849-308. 

i908a. The oullure of the Conml AntDifean nibher tree, U. B. Dep. Agr.. Bur. 
Pirat Ind. Bull. 49. 66 pp, 

IfldSbi. Four new epedoe of thn Central AineiHeaii rubber tree. Setenoa, voL 18, 
pp. 480-^39. 

IGOa. VogctaUoo olTwted by ngrietiRiire in Ceniisl Aiaerica. U. S, Dep. Agr., 
Bur. Plant Ind. BuU. H5. 80 pp. 

1910, A pieiiminaiy treatnieet of the |!cauB CaaliUa, by H, Pitticr. U. 8. Nat, 
Muf., Cantr. U. 8, Nat. Berbarium, vol. 13. pp. 347'-279, pb, 22-42. 
1011a. Dimoipble branehca In Iroplcai crop planut; eottoo. coffee, cacao, the 
Ceotral AmeieUa rubber tree, and the banaue. U. 8. Dep. Agr,, Bur. 
Flfent led. Bull. lOR 64 pp, 

1911b. NoCea on eouihcrn Mntoo, by Q. N. CoIUju and C. B. Doyle. Nat. 
Gcogr. Mag., voL 22, pp, 301^30. 

Iflia. Nomenclature of tha eapote and tlic eaiHNiUla. U. 8. Nat, Mu»., Coatr. 

U. 8. Nat. Uerharium, vol, 16, pp. 277-233. 

1920, A diMRler of cotton plaeta In China, Journ. Heredity, vol. 11.»», 99-t 10. 
niuatr. 

1923a. Malformations of nottoa ptautg In Rnltl. Joum. Heredity vol 14 
pp. 623-325. Illtiatr. 

1923b- Soureea of crude rubber, U. S. Dep. Art., Kcp. of fT hfpf Bur Plant 
Ind., for 1922-1923, pp, 28-60L 

1926o. PiwibilIttH of rubber productiiui. U. 8 . Dcp. Acr , Rep of Secretary 
for 1923, p. 31. 

1924a. Aoromanfa, or "erasy top." a growth disorder of cotton. Journ. Agr, 
Reft., vol, 28, pp. 803-827. Illuvtr. 

1934b. Rubber planpt, IJ. 8- Dep. Agr., Rep. of Chief, Bur. PLuii Ind for 
1923-1934,fh 64. 

1926m Rubber U. B. Dop. Agr., Hop, of Chief, Bur. Plant fad., for 1924-1926 
pp. 31-23. 

1926b. Tropical Ameilaa adapted to rubber. U. 8. Dep, Agr. Olf. Reo., vol. 4. 
No, 30, pp. 1-2, *’ ' ' 

1926. Fare nibbor tree Je found at Paltn Beach. U. B. Dep. Agr. OS. R«c 

vol, 6, No. 69, pp. 1-3, 6, 

1927. Rubber plwrte. U. 8. Dep. Agr., Hop. of Chief, Bur, Plant Ind. for 

1926-1937, pp. 38-30. ' 
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Begtflctliua of rubber cultures Joum. Heredity, voir 19, PP- 20^**o, 
E*riy day* of rubber e*periiiiont«, A letreMrom 
8ia8«|*« o' thirty y«w offo- *ol. IJ. 

Rubber trees thrive in Ftofidu plUkUDg. (J, 3. Dep, Agr. Ob. Bee.. 

RuwLfVbwi Dep- Affr.. Rep. Of Chief, Bur. Plwit Ind., for 

to produce ita own rubber, WiahiflBtoti 0*My News, 

heblts of the Hevc* rubber tree* Soieurt, vol. Tl, pp. 
k"bber Plante. TJ. 8. n>.p* Agr.. Rei. of Chief, Bur. n-t Ind*. for 
IOS6-1930, pp. 31-32. _ 

Beblte or Hove* rubber tree.. Irt 
«trv Md Animal lud., B’aahiBgton. D. C.,Bep.of Deli^t<App.^l. 
The debt of egrioulture to tropknl Atnsiicn. Bull, | ^ 

vnl A4 im fl74-aST fRfiprtnted In Ann. Rep* Smitbicnian IiMt-. for 
lii pp 4 M-^r -iso iSth title “Treplcul America's Agrienlturei 
S''tMidTind^..voL42,pp.344-3^,mi.) 
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Study of supply #ouw« of rsw rubber. U. 0, ^c^'p^ikmh™ 

Rubber content of verious epoole* of goldenrod, by U ■ 

Joum. Agr, Rw., vol,47, pp. Ha-1«2. 

Hcvco rubber trees in Klorid*. Betence, vol. Rl, p. 43o.^_ 

The dnert milhweed (dsefepres ,JLi,n Bull 472^ 

by R. E. Beckett and R. 8. Stilt. V. B. Dcp. Art. Techu. Bull. 472*. 

Rubber ptodneUon from Castilla ww eevea. ov™- , 

t> ^ of a flecund dcrert milkweed (ArcIcptM eroso) 

«utbcre Callfomia «.d Ari.oua, by R E- R- a Stitt, and 

E. N, Duuean. D. 8. Dep. Agr. Tecim. BoA 604, p. U- , 

Naming the cultivated rubber tree ^fphoTHU B*^swono. 

ten Acad* Sol*, vol. 3, pp. T^mis. Jotirn. Agr. 

Methods of BpUtttnR Hevoa siwdllnea, by H* I* Boo 

Rm., Tel 35, pp. 6T--1S4. . . ,, Atnericus. January, 

More rubber from Cactilla. ^culture 
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CASTll^ robber 1N 


Ail ittiqniliiair^l r^lLIki iiUinUilloi'i , 

LjiilEmini ih«E wJf-rrn.'-kii^ rUblwr □!■¥ 

eI^ rut^'N cin EhI 
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Pi.ATE 2 



Branching Habits of Castilla Rubber Trees. 

The yoiing tieea in the foreground have only lateral branches, horizontal or drooniite n.iH 

i^duous. The older tree fruiting on lU iatornl brouchis/alsoT m “trong^ndto S 
the permanent divisions of the trot*. Trees of fruiting age have an annual leKl at^e fU^Sg »^n* 
but a strong shoot at the left holds its leaves like a young tree* ^ seasoug 
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Plate 3 



A CASTILLA thee with SEVERE TAPPING WOUNDS 

. .In nftT flrirvive fl secotjd or a 


The 


niblwr 


SniihiDfuA^i 


T E 4 



VOU^«S CStlLLA TMrs W(TH SPREAD.^ LOWCB ©RANCHES 
'■I'P'f' “ y"w«i Piwllli l<1«lit«IJoii io milhmi. Stfilttr: Inwn- ■ .Spii. .,l.„ .j 


Ivmt ilriHtA tlwi bruacfa. 
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PLATE 5 



specialized leaf forms in CASTILLA RUBBER 1 REE*. 

SPECIALI-ttlJ _ sr© 


wg Csstllla tree sliowln* three f'fP^Sl'lht 
¥ lerge, long-stalkwl ksaveSi trtitjk ty w y 

Fm^; the brunch lyiMi by the short-pellolcd lea' 



SunikurLtA R*t>Qf4^ 


PLJITE6 



SECDU^a LEAVES QF CASTIt.LA 
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PLATE 7 



SEEDLINGS AND EARLY STAGES OF THE PARA RUBBER TREE- 

The cotyledons arc subterranean and the Lower joints oJ the trunk ijroduce no leaves for a foot or more above 
t he ground < where two ad] acjent Jointa bear leavea. Larger grou {is of leaf-beari tJg t riink setnions are formed 
farther up, with leafless groupes between* 





























Plate B 



A 

p'Rei* leaves OF MevGASeEOLiNas. 

iKS™" J?iJ <;*,**»****»nm ij^rd^siiint 
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PLATE 9 



Aijmqnimal Seedling ^ With mar wow Leave:^. 

A [r¥i]Uj'n[ HWill ilb«ifdiT, Twulftnf En n.iniEkfl;ili4d tli wurriiy Ifcfli iam Aftioftr ll» arffrrUnl plifali, itii*i 

nltlwni ndiiUli^ dHct l1IDtfltli?ml iti ti^U. tnlE ft feir lij ■Irftipf 

fornii, M 111 I*'*' npciji- "l till* Irfl- rua i-iAiik|iltk 61 rtirvfqp ■tl^^miliui irf lAi* AJsconnH 

I u Inikith him] numlwT vf velni- imnirnl Tiif, nHiiturv< with intAli: lO 







StutiMJfiHn RjCfKjTt, IHl—Ce<iJk 


Plate 10 



LEAUeS ANO FlOWEBBOF NaBPWfAL ANB ABKOBMAI. HEVBA 
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FUATE 1 1 



Modified branchjng of hevea trees. 

Left, au old Ilerta iitump In Haiti sprouting profuseJy, although uninjUT^ t^s 
the ground. The sprouts show the normal habit of iutermUtent growth with several short stem sec^ns 
fornung a "Hush" of new leaves, sui>porte<l by a series of leafless ^em se^ions. 

the Panama Canal Zone, a) months old in April with scattered branches a few feet from the ground. 
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Plate 12 




ETHODS OF TAPPING HEVEA TREES, NATIVE AND IMPROVED. 
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PLATE 13 




GUAVULE. A fiUBaEP-BEARir+ca PF?iKftT SHHUB. 


kli. A 


liarW »an]l^ dphE, * bwja hrtTtlfiP. nanir^l A <0^ ■ 

throUEii tilih^ihidMb' i|™h iltstfloUi Ln northern Mnko wh! in e1j« 11J| iPmul dljwkt of ir4?stt™ T^i»- 
Kiiht'er IJ ftirACIE^ bjr 1 pra^r55^^^ Rriniliint. kLUih, uir] nmiklcin. 


14 




A OfiACFlT AfrCLEFIAR AUBULJiTA. -COMTAIhlNC 
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A Hardy Chinese tree, eucommia uumoides. containing gutta-percha. 
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the UnitfMl States, 



The BAlATA TREfi OF SOUTH AMERICA. 
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A 5APCH3tLluA THEE IN FLO^IOA. 
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LEAVES, Flowers, and fruitsofthe sapodilla. 

A nciwortii}; branch of the sepotlUla trt^» luitural size* showing the toTted leaves of ftrin torture, with even 
margins and smooth surfaces, the veins scarcely distinct, the small white flow'ers. and the nisset-hrown 
Immature (mils. 
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fruiting stage of the Assam Fig Tree. 
tiaturfl] size, from a larpe tree At Port-au*Prince, Haiti. As with nmny tropical trees* 

to^grwV^ThrtlS’frpt!!^' 



LESSONS FROM THE OLD WORLD TO THE 
AMERICAS IN LAND USE ^ 


By Waltib Clat LowBERims 

AMsUianI Chief, 8oU Conservation Service, U. S. Department of Agricnltwe 


[Witn 4 plAtesl 

Lands of the Old World bear an indelible record written across land¬ 
scape after landscape by resident populations. The longer the occu^ 
pation, the deeper is the record written and the easier it is to read the 
story of man’s stewardship of the earth, whether it be wasteful ex¬ 
ploitation or use with conseiwation of the resource. One finds suc¬ 
cessful adjustments of populations to the land in remarkable terrac¬ 
ing and reclamation works, as well as tragedies of land misuse, in gul¬ 
lied fields and alluvial plains, in rocky hills and mountain slopes 
washed bare of soils, in shifting soils and sands, in silted-up and aban¬ 
doned irrigation reservoirs and canals, in ruins of great and prosper¬ 
ous cities and in ruins of olive presses and cisterns in desertlike land¬ 
scapes. The effects of land use throogh the centuries are cumulative* 

In the United States of America, we have in a comparatively short 
period written far and wide on the face of our country a story of 
wasteful exploitation and reckless use of abui\dant natural resources* 
We have grown wealthy by an economy of exploitation. The time 
has come with the occupation of all lands of the earth to change to 
an economy of conservation* It is of timely interest to tlie New 
World to read the story of land use as it has been written in the lands 
of the Old World, that we may profit by the experience of the past 
in its failures as well as its successes. 

Western civilization had its beginnings in the Near East in the 
alluvial plains of the Nile Valley and of Mesopotamia. Early tillers 
of soil by irrigation and by selection of food plants produced more 
food than they themselves required. Surplus food supplies released 
other members of early societies to engage in useful activities other 
than food production. Division of labor thus began and increased 
the command over nature and progress in civilization* 

' Reprinted bj permlssldn from Proceedinfs of the Eighth Xmeric&ii BclentUle Congress* 
rol. S. 1949. 
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From dicse far a^vay lands of the Ncitr East, "('■estern oiviliialion 
hoJS moved westvYurd^uniil now it® vani^ard ha® reticliad the (jlHuriiliig 
billowy of thi^ Pacific Ocean that wash western sands of the Ameri¬ 
cas, For the first time in the history of the human race there are no 
more continent® to discover, to coloniaje, and to exploit. The fron¬ 
tiers of new Lands gone fm^ver. The nation® of tlm Americas 
occupy the last frontier of western cirUirsation. 

A ®un'ey of land ifoe tbraighont this westward march of cmllzatiou 
disclose® successes and iolluri^ in the long use of lanci Tlio objetd of 
this Borvey was to profit by failures and achievements of the Old 
World in our national movement for the conservation of land. Thia 
survey covf:mi £8,000 miles of overland travel by automobile from 
humid England to the margin® of tlie desert® of Sahara and ArabiM^ 
iStiUdie® were made in consultation with fully a hundred specialists in 
124 areas of special intetest wjtiiiu 14 eonntrie® and dependencies in 
a pf^riud of 15 month® of field work. 

No attempt is made in tliis bHef paper to account for the destruction 
or conseiration of lands on economic grounds. To profit by tlje ex- 
pericnco of the piist it is irn|>ortant to know what has happened to the 
land after centuries and thousands uf yean^ of use. Complexity of 
causes eniinot hide the menace to nations! welfans in soil erosion and 
th® necrasity for setting up national objectives to conserve basic re¬ 
sources of and waters in the land. Mi^aix® of achieving the ob¬ 
jectives of conservation will vary in accordance with the genius of 
people® and their institutions. Soil ertasion^ if not eontrolkdi ha® 
demonstrated its ability to undennino nation® and civiluEaLious re¬ 
gard (}f what may have been die sfX^ial or economic condition® that 
®et it going or stimulated it® destructiveness. 

Thfl land of spctdol areas wa® fixamined for evidences—in changes 
of tbe originnl soil profilcB iiisofar as tiiey could be reconstructed; 
in the shifting of soils from dopes by erosion; and in tlje aecumulalion 
of sediments on valley floors and plainEi; in the shifting of sand dune®; 
Sn the cutting out of iiUnvial pluinB with deep gullies; in the fillin g 
of streani channels with erosional debris producing marahy condi¬ 
tions; and in ruins of agricultural works for the control and conserva¬ 
tion of waters for dorrtftKtic and irrigation use; as well as evidance® of 
changes or stability of climate. FurtberiuorE?, t)]® fate of the phyaicnl 
body of the soil iwonrce was given more attention in Lbn survey than 
problems of fertility maintenance. For if llie soil k maintained in 
place, liberty of action in use is assured to succeeding tillera of the 
soil, in applying more or less fertilizer^ in growing this or that crop; 
but if the soil itBPlf is destroyed, tlie pre^nt and succeeding genera¬ 
tion® ara deprived of their basic heritage. 

Throughout Ibi® broad expanse of land it became plain that the fate 
of land under use haa been most influenced by slope. The hazard of 
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noil erosion is low on flat lamls, but it is critical on sloping lands. 
Flat lands have tlieir problems, it is true, in the rise of water tables 
and in the accumulation of sali^ but drainage is usually sufficient. 
Other problems occur in the forniBLiun of sand dunes, for which 
fixation with vegetation is the solution. But the tillHr of soil has met 
his greatest prohbm throughout the agwi in maintaining ctiUivation 
on sloping lands. We found failures and succesasa throughout this 
broat 1 expHTise of la nd. 

ANCIENT PHOEMCIA AND SLOPE FARMING 

The Xear East is believed by artheologists to be the scene of the 
beginnings of agricu/ture which made the growtli of western civilka- 
tioii posHible (11),* It 15 probable tliiit irrigated agrkukura preceded 
rnin agriculture. TJie flat lands of the Nilt- Valley and Mesopotamia 
were Irrigated Iwfore the slopes of ancient Phoenicia were cleared and 
cultivated. It is probable also that it was Ou the slopes of the orig- 
inally forest-clad mountains of ancient Phoenicia that rain agriculturo 
firbt began, and at tlio same time tho tiller of soil of our western civil¬ 
isation first encountered the hazards of slope cultivatiori and of soil 
crosiDn. It is also probable that the tilfers of soil first control led 
erosion here with rock walls to terrace sloping lauds. 

Ill this connection, we must refer to the remarkable terraces of 
Pern. I am unaware if the age of the torrnceft of Peru has been de- 
tennined. Certainly they were developed by the genius of a resoiiree- 
ful people in great antiquity and mdepcudently of the Phoenicians 
in tho N'ear East, for which they deserve equal praise for a marvelous 
aduG Yemen t. 

About 5,300 years ago, tli« Phoenicians migrated from the desert 
and seltlei] along the eastern shore of tho Mediterranean Sea, oFtab- 
hshing tho harbor towns of T^re and Sidon, Poyrouth and Byblos. 
Tliqy found their land mountainotis, rising to a crest of 10,000 feet 
and lieavily covered with forests, the greatest' extent of which were 
the for^ts of the famous cedars of Lebanon. These forests became 
the timber supply for the treeless alluvial plains of the Nile and of 
Mesopotamia. This conclusion is inferred from Inscriptiaus such oa 
one on the Temple of Earnak, Egypt, placed wt 2840 B. C., which 
announces the arrival in Egypt of 40 ships laden with timber of the 
cedars of Lebanon (2). Inscriptions found in umuivstions of Ninovcli 
and of ancient Babylon refer to the use of “huge cedars from hfount 
Lebanon^ in the construction of buiiditigs (9J. 

In this moiintainous land rising boldly out of the sea there was little 
fist land along the coast. The growing population doubtless soon 
exceeded the carrying capacity of these restricted fiat lands and was 


* In mnntbMM to 
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faced with the alternatives of shipbuilding, trade, founding colonies, 
and the cultivation of slopes. As these slopes were cleared of forests 
and cultivated, tliey were subject to soil erosion under heavy winter 
rains, then as they would be now. The great area of terrace walls in 
various states of repair indicate that the ancient Phoenician slope 
fanner sought to retard or control erosion with rock walls across the 
slope, 40 or possibly 50 centuries ago. 

Tlie famous forests of the cedars of Lebanon, which are associated 
with the rise of civilization in the alluvial plains of the Near Kast, 
retreated before the ax and the hoe until today only a few remnants of 
the original forest of about 1,000 square miles are left. The best known 
relic is the Tripoli grove of cedars, consisting of about 400 trees, 
saved from vandalism by a church and from goat grazing by a stone 
wall. (PI. 1, fig. 1.) Eestocking of this grove within the protection 
of a stone wall against grazing signifies that under present climatic 
conditions the forest would spread and grow where soil enough has 
escaped the ravages of erosion. The disappearance of these famous 
forests is symbolic of the decline and deterioration of the resources 
of the country. 

Today one may find on the mountains of ancient Phoenicia bare lime¬ 
stone slopes strewn with remnants of former terrace walls, showing 
that the battle with soil erosion sometimes was a losing fight (13); else¬ 
where one may find terraces that have been maintained for several 
thousand years. (PI. 1, figs. 2 and 3.) Such astounding achievements 
demonstrate that when the physical body of the soil resource is main¬ 
tained, it may be cultivated and made productive for thousands of 
vears. Its yield in crops then depends upon its treatment. 

The cost in human labor to level terrace slopes of 50 to 75 percent as 
ware found in Beit-Eddine, Lebanon, works out at modem wage scales 
at 2,000 to 4,000 United States dollars per acre. Such costs are not 
justified when other lands are available; moreover these costs repre¬ 
sent what may and sometimes must be paid in an economy of survival. 
Such remarkable works demonstrate to what lengths a people will go to 
survive, as well as the necessity of maintaining the soil resources to 
support a population. Such examples warn us to find ways of saving 
good lands before necessity drives a people to such extremes in costs 
of human effort. 

A “HUNDRED DEAD CmES" 

Syria holds some of the grandest ruins to be found in the ancient 
world, such as Baalbek and Jerash. But to a soil conservationist the 
most striking ruins are found in the graveyard of a ‘hundred dead 
cities.” (PI. 2, fig. 3.) An area of about a million acres in North 
Syria lying between Aleppo, Antioch, and Hama exhibits soil erosion 
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at ite M-orst. Here fire raina of Tillages, market towiui resting on tlie 
skeleton rock of liniestonc hills^ from ’which ft to fl feet of soil have been 
BwepI off- Evidence of the depth of soil eroded from these slopes is 
found in dooralls of stone houses now 3 to d feet above the bsire roclL 

Here soil erosion has done its worst and spread a gliastly destruction 
over a formerly prosperous landscape, as judged by the ruins of e^Igq" 
did houses in villages and in cities, such us at El Bax's, which we est- 
amined in the summer of ltl3»- In reality, tliese cities are dead, with 
DO hopa of resurrection j for the basis of their prosperity is gone. 
These cities have not been buried, but Iih^'O been left high anti stark 
by the tvmovai of soil through the inevcrsihle procesa of erosion. 
The good earth of terra rossa soils b completely gone from the slopes 
except in patches where it is held back by walls of mined buildings 
Or in pockets in the Umeatonc. In these patches a few vines and olive 
trees stnml ns sad remnants of a former profitable use^ of land, which 
provided cjEports of olive oil and wine to Home during the enipire, 
SeminomndH now inhabit repaired ruins in a few of the former dtiw. 

As one travels in the desolation of this man -made desert today, amid 
the barren litneslimd hills once fores-ted before they were converted to 
cultivated fields, I was moved by continuous aHtoniahment to find mins 
of dead cities which gave eveiy evlilenoo of former pnisperity nnd 
Avell-heing. (PL 2, fig. 1.) While buildings of wune cities are tiimbleil 
amifl their mBssuH of twerturned blockft, Uioso of other cities stand 
upright, showing facades, towers, arches, and walls of convents and 
cathedrals, as well as details of houses, villas, ahops, stores, public baths, 
hotels, and superb tombs such na those at El Bare- Tliis area was 
floiirialiing from the thinl to the seventh oeoiury, without sip of 
decadence. Tlio invasion of the Pennaus in 611 and the Amba in KW 
deciroRted the inhobitants, hlolLeil out their ciilliire, destroyed their 
cities, and even the traditions of their agricuJture- 

Today, after 13 centuries of neglect, of terraces overrun by herds 
and patch cultivation of grain by seminomadic descendants of the 
invaders, soil erosion lias completed the destmetion of the good earth 
with a ^oroughiiess that has left this formerly pnxductive Und a 
man-made desert, generally void of vegetation, water, and roil. The 
citioe could be made habitable again, but they will nemaLii dead for¬ 
ever, because their soils are gone beyond hope of restoration. Here 
the “uiiimrdonable sin” of land use has been committed. 

TU£ "FltOMIS^ED LAM)" OF PALESXlN® 

When Moses slood on Mount Nebo and looked across the Jordan to 
the ^Tromised Land” about 3,000 years ago, he described the land to his 
followers as a “land of bnaiks of water, of fountains and depths that 
qiriiig out of valleys and hills; a land of wheat, and barley, and vinis. 
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and fig^treeH and potnegmtates ? n land of oil-oUve, and boney; a land 
therein thou sbalt eat bread Mrithout ttcarconesSt thon shalt not lack 
any tiling in it; u land irhose stones are iron, and out of ttbose bills tbou 
mayest dig brass'* (1). Tbs “Promised iAijd,” as it is today, is a 
sad commentary cm in tin's stewardship of the cartbi 

The “Promised Land'* which ^,000 years ago was “ilowuig with milk 
and honey" has been so davaiituted by soil erosion that the soils have 
been swept off fully half the area of the bill lands. The soils have 
been washed off the hiUs into the valleya (pi. 3, fig. 3), where they 
are sorted: thn finer paitidcs are swept out in Hood waters to change 
tho beautiful blue of the Mediterranean to a dirty brown as fur as the 
horizon} the coarser pHriicles are spread out on former alluvium where 
they are still cultivated but in a progressively reduced area. Acceler' 
ated run-off from barren slopes continues to eat gullies ihraugli the 
alluvial valleys and to carry eroeional debris out to choke up the 
channels of strenms ffowing through the coastal plains. 

Ill times past, such erosion ill debris together with sand duties blown 
in from the coast created marshes in the plains; then malaria come 
in, pmcticully depopulating the lowlands. The hills also have been 
greatly depopulated as shown by the stud i ea of D r. Qiiy (5) . A survey 
of ancient village sites abandoned and now occupied disdoscs how the 
hill ktiiht of Palestine have been depopulated since the seventh ctii- 
tury. The watcrsbe<l of Wadi Musmra of 31S square luilea draining 
llie westem slope from Jertisalem to Tel-Aviv was divided into three 
altitudinal zones: (1) the plain, Q-lUO meters; (3) the foothills, lOfKtOO 
nrmterH; (3) the hills, 300 meters and over. In the plalne outside 
mar^y areas, 32 sites are now occupied and 4 abandoned; in the foot¬ 
hills, 31 oCRUpiiwl Biul 35 abimdoned; and in Llie bills, 37 ocrupied and 
127 abandoned. Tlie break-down of ancient terrace wolL. ami the 
erosion of soils to lied rock on the upper elopes is sufficient reason to 
account for the reduction in population. Erosion iti the hills as well 
os marshes with malnria in the coastal plain has been sufficient to 
reduce the population of tJie “PromiHed Ldind" to one*third of the 
Koman and Byzantine period, 

Palestine can never be restored to its original condition as the 
“Promised Land"; it can be much improveij over its present condition 
as the splendid works of the Jewish colonics on 5 percent of the total 
aiea have deinonstrated, but tbs lands have been so devastated by 
the inrcvcrsiblo process of soil erosion In the uplands that they con 
never be restor^ to tbeir original productivity as the “Promised 
Land"—it is too late. This cose brings home the tremendous lesson 
that eloping lands may be damaged beyond full restoration; that 
unless Siui table measures are token in time, land resouri^ are reduced 
in the face of increasing ixipulallons with their auguicntcd demands. 
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The reoBiit moviancnt of Jewish coloniziiLioti to redeem the wasted 
latub of Pali^ine is an escfilleiit example of what can h« done, but 
at jrreat cost. (PJ. 1, %. 4.) Works of rwlamation of swamps and 
of reforestation of barren rocky slopes cost more than can be j'uMtlfied 
as eonunen'ial investmouts ill land< The insidious neturo of erosion 
is here made apparenti It r«at:heB a point where the value of i.lie 
lands will not justify their restoration as an investment for profit. 
This work can be justified only on the basis nf surriTal of a iteople. 
Such expend itures fall into the category of natiuiial defenso against 
tt rnthless invader or destroyer; for land is the basis of life of a 
people. 

AFRICA 

North Africa bristles with astounding ruins of opulent and pnpu> 
loa« cities and of thousands of villages and works of the Homan epoch. 
(PI. 2, figs. 4 and C.) A century or imire after tho destruction of 
Carthage by Scipio in 14fl B. C. Rome began to colonize North 
Africa and in the course of time eatabliabed soTeral important and 
stately cities at the sites n^rw known ss Tirogad, Sbeills, Tebesaa, 
Jeniib, El Jem, and Lambesis. These cities were established at croes- 
roads and along the sonthem edge of tlio great agricultiiml region, 
devoted principally to the growing of grain and ulivcg. 

Tlu! Roman city of Thydnis, at the present site of El Jem, was 
located in the midst of tlia great coastal plain of Tunisia. The most 
congpicuDiis remnant here is the min of a great coliseum to smit 
60.000 spectators, which was second in size only to that at Rome, 
(PL 2, fig, 5-) Now a wretched village stands on the site of this 
great Roman city. This center waa supported by intensive agricul¬ 
ture of grain fields and olive orchards; now this plain is sparsely 
covered with wild vegetation and iwdatefl groves of olives overrun 
by herds of grazing animals. 

'file Roman city of Thamugadi, at the site caUed Timgad in Al¬ 
geria, was one of tho more famous centers of Homan power and cul¬ 
ture. It WHS established by Rmperor Trajan about A, D. tOO and was 
laid out in symmetrical pattern, equipped with a magnificent fomm 
embclUshed with statuary and carved porticoes, with a public library, 
with 17 Roman baths adorned with beautiful mosaic floors, with a 
theater to seat some 2,5(X1 and with marble flush latrines, Timgad 
was a stately city supported by extenjrive grain fields in the valley 
plains and olive orchards on tho hilla. 

Alter the weakening of tho Homan power by tho Vandal invasion 
in A. D. 430 the Berbers captured the city, and after tlie Arab in¬ 
vasion of the seventh century it was lost to knowledge for i^OO years, 
buried by dust, the product of wind erosion- Only a few columns 
and a portion of Trajanla arch rtmai above unduUtmg mounds as 
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tOfnbsdoneH to mdicAto that oace a great city wbb here. There is no 
counterpart t<iday of the rnagnincence of this ancient city. A 
wretched village of mud-trail houses shdtaring a fetv bimdred in¬ 
habitants IS the only descendant of this oeiiter of Roman potver and 
culturo. Water arosifin as well ats wind erosion has been at work on 
the landscape. Gullies have cut through portions of die city and 
have ex^HiHed Ilia aqueduct which tiuppUed the city with water from 
a great spring some 3 miles away. 

RuiiiH of Ihe land are as impre^ive as the ruins of cities. The hlUs 
have been swept bare of soil, a story which may be read throughout 
iho legioB. The original soil mantle is being washed off the slopes, 
often slio^ving that the upper edge uf tlia soil mantle Is being grad¬ 
ually worked down slope by aoederated run-of from the bored up¬ 
per sIo|>e8. Erosional debris has been deposited on the lower f<lupGS 
and valley plain. Torrential storm watei-s eut great gullies into the 
alluvia] plains. Water tables are lowered and rain waters quickly 
flow of the Laml leaving it dry and Ihii'Sty, Tlie effects of deniccation 
of the land are brought about even If rainfall has not diininishetL 
Out toward the Sahara, 70 miles south of Tebessa, were found ruins 
of remarkable works for conserving and iqireBiiing slnnn ruii-of. 
Check dams were constructed to divert storm waters oround the sloi»ia 
and to spread them <ui a series of terraces, dating back to Koman 
or pre-Roman times. Why these terraocs were constructetl is noi. yet 
known. At any rate the French Government la rehuilding the works 
and IS spreatliiig sl.urm waters out on Llif>He terraces to increase forage 
growth for tlie herds of the Arab nomads. Those works of water 
conservation out so near the Sahara Desert might indicate that cli¬ 
mate has changed or that all good lands were intensively utilized 
during iho Roman epoch. All North Africa, as indicated by such a 
vast display of mins and works in the midst of a sparsely settled 
und depressing land, must have had an agriculture of remerkahte 
rcCccjiicnt in measures of soil and water eonservation, 

Tbo striking contrast between the x>rosperous and populous con¬ 
dition of Dforih Africa in Roman times and iireseut ilecailence led 
early students to believe that an adverse change of climate was re¬ 
sponsible for the decline of the granary of Rome. But the researchiiS 
of Gscll (■!), Gautier (3) and fjeschi (7) discount an ad verge change 
in climate since Roman times (Q und 10), The moat telling evidence 
of unchatiged climate in the past 2,000 years is the successful planta¬ 
tion of olive giHivea on the sites of mins of Roman atone olive presses. 
An experimental grove planted at Tiiugad by Dicoctur Godot demon- 
strains that olive orchards would thrive today where soil still ramaina 
on slopes. The great plantation of mom than lfi0,000 aems in the 
vicinity of Sfax, Tunisia, which now supports thriving enterprises at 
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Sfftx, also (liat Tfiditfl the cLatigB of climate theory. Moreover, in the 
V'icinitj of Sousse, Tunmu, there are a few Roman olive orcharas which 
escaped the dewtroctive invaaiona of the seventh century and survive to 
tJiB prpi^nt day, JTo pulsations of dims to hove been sufEcientlj ad¬ 
verse to kill off diis remnant of tlie afiricaltnre of Roman times. 

The nstoimding decline in agriculture of the Near East and North 
Africa is not due primarily to adverse climatic change (U and IS). 
It ivns begun by succe«>iful invasious of ilesert nomads during the 
seventh century and eompletial by soil erosion. This remarkable in¬ 
vasion, which uot only destroyed a civiliriation, but its agriculture 
aud, more important, the tn\ditions of its agrlciiltarc, is another in¬ 
stance of the «ge*old struggle Ijctweeu Cain and Alwl, between the 
shepherd and the ftirracr, between the tent dweller and the house 
dweller. T'he desert has alwa>>s produced more people than it could 
f^K Farmers built up thriving cultures in the aUuvisl plains. From 
time to lime the hungry tent dwellers Eswept into the valleys, when 
defenses were weak, and destroyed and robbed, sometimes passed on, 
and left destruction and carnage in their path. At other times they 
replaced the former iioptiintion to become farmers and city dwelleta 
themselves, only to be destroyed Ly another invasion of hungry deni- 
Kesis of th-c steppea ar deserts. 

These nomad invaders and their herds unleashed the forces of soil 
crosioii bjT water and by wind which through twntiiries ham reduced 
the capacity ijf the land to producu or to be restored to its former 
productivity, except In some alluvial valleys. The achievement of 
conservation of land resources by long and tedious methods was nulli¬ 
fied by ruthlesi) invasions and wars. 

Such are some instances of the decline in the uscfulnet« of the 
land due to the wastage of erosion and quicbened run-oS of storm 
waters, by the break-down of moiisures arrived at by long and slow 
experience of trial and error. The wisdom of the ages was tiullifiod 
in a brief time, breaking into fragments the glories of the past. 

It is also fitting to examine sonm of the recent worka to reclaim 
lands damaged by inoemsiderate and reckless use in the past. 

RECLAMATtUX OF MAltgHES 

The climate of tlio Alediteirancttn sets the stage for land destruction 
by erosion if special pret^aiiiions are not taken in cultivated iieldM and 
on grazed alopes. Heavy mins occur gtuierally as erratic storms dur¬ 
ing the winter months—October to April. The remainder of tha 
year is rainless and hoL 

^^Hiere bold mountain ranges are bordered by comparatively broad 
coastal plains, as in Italy, Greece, Palestine and Algeria, cultivation 
of slopes unprotected by rock-wall terraces has induced serious soil 
uereo—(4— 3$ 
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erosion. Eroded iioita and debris have choked up stream ehannels in 
the plains, converting these coastal plains into marsliesu Mala via 
made the lowTandn pestilentialf weakened or practically depopulated 
extensive populous areas. 

Such is the history of the Pontine Ifarshes in Italy, whose reelama* 
tioQ is an outstanding example of the application of the modem 
sdencee of medicine, engineering, and agriculture to such problems, 
llie Pontine Marshes were once well [xipulated if we are to accept 
as evidence remains of 16 cities which predated Homan occupation. 
Following the rapid rise of Home from the eighth century B. C., 
cultivation of the slopes of the Apennine Mountains took the ssms 
course as it did in Phoenicia, By the fourth centurj* B. C- Appius 
Claudius undertook to drain the marshes, which had becoiuo a 
problem (pL 3, fig. 1). He was unsuccessful in reclaiming these 
pestilential Pontine Marshes as were his successors^ JnUiie Caesar, 
Trajan, and Theodoric, and later on a number of Popes, especially 
Pope Piua VL But in 1931 tlw Government of Italy undertook llie 
rwlamatton of this age-old problem of Home and Italy with military 
thoroughness as for n battle. Within 2 months the swamps had been 
drained and within fl monfJis farms had been laid out, concrete farm¬ 
houses built, and the town of Llttoria fitted out with all necessary 
public buildings, centerH, and residences as a service town to more 
than 100,000 acres of reclaimed land (pi. 3, fig, Q), In this time, 
2150 inilBB of roads were built, nearly C million cubic yards of dirt 
were moved to make 1,GD7 milen of canals. 

This is a splendid achicvemiGnt; T years prior to our visit (1058) 
this thriving area was a deadly marsh, impa:^l}lo i.<i man and heniit 
alike; only water buffalo were able to survive. During this period 
approximately 3G3 million dollars were stient by Italy on public 
works. An additionul amount of about 124 millicin dollars was 
granted to private landed pnrpcrties for reclamation work. Moit 
than a third of the total expenditure waa tnado to assist private land- 
ownera to prepare their land? for subdivision and colonization. 

The justificaHon of auch great expenditures is the fundanientiti 
importance of the nation's welfare, looking to self-aufficiency in agri- 
cultural crops. Investments of public funds for making lands pm- 
ductiva for settlement of farm familiai alsti served the purposes of 
giving employmetit to thousands of unemployed, of settling people 
from congested industrial canters on the land, and of increasing the 
productive wealth of the nation ns a whole. 

OCINTBDL or TORKENTTAL f’LOODS 

Population pressures in Italy of aS6 and in Franco of 547 per squarv 
mile of cultivated area have exceeded the carrying capacities of the 
flat lands and have pushed the cuUtvation line up slopes in the Alps 
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to sleep gradients as forests were cleared aw ay, Th ese mcnmtains had 
been aculplured by glocicais of tlie Ice Age into deop gorges bordered 
by hanging valleyfl, which set the stage for torrential debris floods as 
slopes were deared of forests for cultiTation or hearily grazed. 

France and Italy have been engaged for many years in the control 
of debris floods in mountain valleys. France has carried out for W 
y^ a eompreheniiive program of work^ witli notable achievements. 
The esperkace of CO years of such works is especially valuable in meet¬ 
ing the increasing hasards of floods in inountainous areas of the New 
>V'orId. Debris floods bury fields, orchards, and Tillages in valley 
floors, interrupt cooununication, and destroy livijHlock and human life. 
Losses over the [last century have reached enormoiia flgun^ and have 
stimulated brilliant engineering and remarkable measures of eroaion 
control and revegetation. 

Correction of mountain torrents is most economically and effectively 
carried uut as a gigantic cheaa game. It is man against nature, wher* 
man may perchance delay the inevitable long enough for his purposes. 
It takes time and daring as well to play this game, in ndditioa to 
minute study of natural forces at work. As the torrent-control 
engineer builds each struciurc he waits to observe the responses of 
natural foi-oas. These in turn detenuine his neit move, whether to 
build another structure, or reinforce existkig works, until in due time 
ha is successful in checkmating torrential floods. The high costs of 
the control of torrents are justified by the protection of valley lands 
from damage, by the reduction of debris accumulatinng in stream 
channels, as a safeguard against rising water tables and marahy condi¬ 
tions in high-value alluvial lands, and by saving life, 

Two essential principals are followed in all torrent-control works: 
establishment of base levels of cutting in torrent channels with per¬ 
manent check dams, and revegetation of the catdiDient area. Similar 
work has been done in Bavaria in ^outliem Germany, but it was not 
possible for me to c«iUituie the projected survey into Germany becausq 
of the outbreak of war in that fateful September, 

FIXATION OP SAND DUNES 

Problems of waler-urosion control are most common on doping 
lands, but those of wind-eroiddn control most often occur on flat lands, 
Sand dunes have been formed in aemiarid n'gimia hy the sorting effect 
of wind erosion of cultivated lands. The wind sorts dry soils, lifting 
the fine and fertile particles to blow them away in dust clouds, whereas 
the heavier particles as sand are left behind to form hummocks end 
finally active sand duties. Usually former farm lands of tlie Old 
World 50 damaged have been abandoned and left to their fate (S). 

In southwestern France the govermnent has carried out the classic 
and greatest achiaveuent in the fixation of a vast area of a “moist 
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Sahara” of sand dimes. A great pestilential sore spot in France, 
where dwelt poverty, malnutrition, and despair before the merciless 
march of gigantic sand dunes, was converted into a beautiful and 
productive forest and into a region of health resorts and prosperity. 
The destructive invasion of the Vandals in A. D. 407 set sand dunes 
on the inarch. By Napoleon’s time they had covered 400,000 acres and 
had buried forests and farm villages, and dammed up the streams, 
causing a great area of coastal plain to overflow. Marshes brought 
in malaria, which diminished and weakened the resident population. 

Work of fixation and control was begun by Bremontier in 1786 
under the command of Napoleon. Reforestation of the dunes was 
made possible by creating a great littoral dune. This was done by 
means of a movable palisade of planks which were successively pulled 
up as the dune crest was raised. In time a dune was built up along 
the coast whose windward slope reached a grade too steep for the 
winds longer to blow sand over it. Thereupon, the slopes of the 
dune were fixed with sand grasses. Reforestation to the leeward and 
streams were thus safeguarded from further advance of dimes. Fol¬ 
lowing the fixation of dunes, drainage of 2% million acres of lowlands 
was made possible under the direction of Chambrelent. By 1865 
this memorable task was completed. 

One dune, near d’Arcachon, however, was left uncontrolled for 
some reason (pi. 4, fig. 1). It is 2 miles long, mile wide, and 300 
feet high and is advancing on the forest at the rate of 60 to 65 feet 
a year. This active dune serves as a comparison of the present re¬ 
claimed dune area and gives some idea of the magnitude of the 
achievement of converting a devouring menace affecting million 
acres of land into a healing resource. It is estimated that the return 
from the resin crop alone from the pine plantations has been sufficient 
to pay off all the original costs of this classic example of reclamation 
of sand dunes and pestilential marshe& 

CONQUEST OF THE SEA FOB LAND 

Conservation and utilization of natural resources is the striking 
lesson gained from Holland. Few nations have done so much with 
what little they have. Among the masterpieces of land reclamation, 
The Netherlands has achieved wonders in dewatering the ocean and 
transforming hundreds of thousands of acres of ocean floor into pro¬ 
ductive farm lands. Holland, with 2,500 persons to the square mile 
of cultivated area, required more land. She chose a policy of rec¬ 
lamation instead of conquest. When the present Zuider Zee project 
is completed, more than 550,000 additional acres, formerly inhabited 
by fish, wiD be occupied by people. In 1939 we saw farmers plowing 
the land, 13 to 16 feet below sea level, over which the salt fishermen 
had plowed the waves only 6 years before. (PI. 4, fig. 3.) We watched 
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the fiinnerB threshing their hug!e stacks of groin, which resembled 
African viUiigcB on the jimdscaiHi (pL 4, fig. 2), 

HoHondcrs are experts in the use of land and the coutrut of -n-ater. 
Since early times, picturesque Dutch Trindmills htiv© drainod the 
othennse useless luwlands nnd lifted drainage iratcr into canals to 
empty inio the ocean. Since the completion nf the huge SS-ndle 
ocean dyke across the outlet of the Zuider Zee, Holtnnd has con- 
queretl her tbousond-year-old enemy, the North Sea, and has provided 
her people with a much-nccdcd sueei-water lake, new agricultural 
lands, and better transportation, Tlie Dutch take an artistic piida 
in the excellence of the crops of their native soil; their farms and 
forests arc models in management. Tliis conquest of the soulless sea 
has carried with it none of tho destructive horrors of modem war 
ond has cost much less. The hope of the world in conservation 
rather than in destruction ia made realistic by this masterpiece of 
reclamation. 

THJi nfSIDIOUS NATCltB Ot* l!niOSJO.V 

Our studies in lands long occupied by nimi disclose that soil erosion, 
i, e., man-induced ei oaion as distingui^icd from normal geologic ero¬ 
sion, is an insidious process that has defrayed lands and uii<Iennined 
progress of civilkatioii and cultures, AchievemeiitH in the control of 
soil erosion and in ad justnieuta of a lasting agriculture to sloping lands 
nru stcjis in the march of civilization as nionientous os the dLiCovery of 
htc and tlio selection of food plants. 

Solutions to problems of population pressure have too often in the 
past been sought in the conquest and destruction of the works of 
peoples rather than in conf^rvation and improving the potontiol pro¬ 
ductivity of the earth, with provision for exchange of specialty prod¬ 
ucts. The formula of exploitation and destruction has interrupted 
tliB orderly solutions to luud-usn problems in tlie past and baa tiu- 
leoshcd the forcoa of erosion to spread like the tentacles of on octopus 
through tho lands of North China, North Africa, Asia Minor, and the 
TToly Xionds, as well os in tho United Statay and other countries of the 
Now World. 

One generation of people replace anotiier, but productive eoils de¬ 
stroyed by ert>a[on are seldom restorabic and never replaceable. Con¬ 
servation of the basic soil resource becomes more then a matter of indi¬ 
vidual interest j it becomes a matter of national interest necessary to 
the condnuing welfare of a people. The day is gone when lands may 
be worn out with the expectation of finding new lands to the west 
The economy of exploitation muet give place to an economy of con¬ 
servation if a people will aurvivo into the unknown future. Peace 
among nations must mt upon such a policy. 
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In face of thfi limited «rea now avaiiablo to tha human race, the 
realJ3!:ation that enormous areas of land are still being dostrcjed by 
inconsiderate and wa^tefol meiliixla muiiit arouso thinking people to 
action. Tf man h making d(^crts out of productiTO lands^ it is a matt&r 
not only of national^ but of world-wide concern* 

If Moses had foreseen hot? soil erosion induced by inconsiderate u.so 
of land would devastate the “Promised Lrind^^ us well as vast areas of 
the eartli. refiulting in man-mada dest^rt^ and decarlonoe of civiliza¬ 
tions ; if he had foreseen the impoverishment, revolution^ wars, migra- 
tione, and social decadence of billions of people tJiroughout thou^uds 
of years b^iauso of the eyploitation and desolation of their lands by 
erosionj he doubtless would have been inspired to il&liver an Eleventh 
Commandmant to complete the trinity of man^s responsibilities—to 
Ms Creator^ to his fellow man^ and to Mother Earths Such a Com¬ 
mandment should read somewhat ns follows: 

Tbac filialt Lnlicrlt tte holy ^arth nn a falthfdl atcwprdK cotiaetvlDf Its reffcmTcCfl 
nnd orodnctlTllT frftm to gcueratlpD. Tlarn Hiialt RofesunrC tby flelda 

fTom soil tTOKlm, ter living waters rrwin Urytnp np^ thy foreitn from aeeolatloa^ 
xnEi profeet rhy htes froai oror^ra^ing; by thy berda teat thj deseenUaotii may 
have nbunriftncc fot^ver. If any tealL fall In tlilfl flicwatdfjhlp gf ten land thy 
fruitful fields BliaU bcconic sterile stony or wefitln^ eulUea And lliy draceud- 

anti oball decrexoti and lire m poTeriy or perish from off tee fare of the earth. 

Hitherto^ mankind in its conquest of the Iaiid| except in very limited 
areas, has not been governed by such an injuncLioii} on the contraiyt 
mankind haa bcftn impelled hy an economy of exploitation, looking to 
the discovery of new lands or new sources of fctod and materials as 
needs arise, Tlie lands of tlie world are occupied and SUCh 0 poUoy 
loads inevitably to conflict, 

Tlie solution of such cooflicta m the pn^t hfis been sought gf^nerHllY 
in a formula of w^r with destruction of property, works^ and human 
lives as means of arriving at agre^ient^. As this paper is beinf^ written 
fully half the human population of the earth, more than a billion 
human beings^ have as their moat absorbing purpose to destroy the 
ochievemeTite and works of generations and the annibilation of ^pn- 
latinns, aoldicr^ and mvilijsn men, women, and children. Civilization 
is committing suicide. 

Sooner or bter peoples engaged in modem warfare will becoitm 
weary and exhausted by this hellish fren^ of destruction and car¬ 
nage. Mankind may then be prepared to accept an alternative^^a 
substitute for destruction in the conservation of the earth^a rcsourcoR, 
in maintaining and improving necessary supplies. Under scientific 
conservation, the earth will produce beyond the dreams of mankind. 

Baaidea, the formula of destructive ciploitadon has faUed miser¬ 
ably to solve problems of growing populations 5 it has only set back 
the soma problem to come forth again with more insistence. The 
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fate of lands devastated and despoiled by erosion, which is most often 
associated with war or conquest, stands as a warning to mankind to 
change from an economy of exploitation to an economy of conserva¬ 
tion—of healing and saving conservation. 

We must be fully prepared to defend our sovereignty and liberty 
of action against all aggressors. At the same time, the Americas 
are best situated to make the principle of conservation realistic in 
the use of land resources. Thus interpreted and reduced to works 
of saving soils and waters on the land as necessary to the conserva¬ 
tion of human resources and values, the principle of conservation 
may be compelling and enticing enough to turn a war-weary world 
from a suicidal frenzy of destruction and carnage to a saving and 
healing conservation. The lands of the earth will record the decision 
of mankind as to this momentous question. 
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Plate 2 




L Obhqw aenal v tew of R&Iaal bamaan ruins of the sanctuary of St. Simon, showinK ilie denuded condition 
of adj^-ent slopes. Home eultivation is taking place within the walls of tbe ruins which have heid back 
the soli from bolnp eroded aw ay. (Courtesy of Father Afattem. S. J J 

2. Aerial view of hills of Judai^a near nebron, April le^O. 

3. Vertical aerial view of Ger&ae, which lielongs to the southern group of t)t?aci Cities. 

The larg^^t and only village for many mih'S around the former city of lyiemlla, which In Roman times 
boasted more than U.flOO population. January 1039. 

5. V^ieiiv of the giant coliseum at El JJjem. February 1930. 

0. The m^ket sauare in the excavated Homan dty of Djeraila, w'here once w ere sold prwlucts of tlu‘ sur^ 
roiinding^^ denuded eroaioji’gullied slopes bear mute evidence of ihelr wreekage and soil 
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central Honduras are included, since they are linked culturally more 
to South America than to North America* * The paper has been 
written, not for seasoned specialists in South American anthropology, 
but for nonspecialists, to set up an areal and temporal framework into 
which the enormously complex factual data can be provisionally fitted 
and to offer a fi.rst-aid guide to the anthropological literature of the 
continent. No attempt has been made, of course, to include an ade¬ 
quate list of the innumerable first-hand sources. Good bibliographies 
of these may be found in Nordenskiold, especially 1920; Krickeberg, 
1922,1939; W. Schmidt, 1913; Izikowitz, 1935; Gillin, 1940. 

For a better understanding of cultural distribution and sequence 
in South America, a few of the more pertinent data upon physical 
environment and racial and linguistic divisions are premised, 

PHYSICAL. ENVIRONMENT* 

Geographically Pan America may be looked upon as a quasi 
peninsula jutting out from the extreme northeast tip of the Afro- 
Eurasiatic land mass which we assume to be the birthplace of the 
human race. Thus, of the larger continental areas of the world. 
South America is farthest removed from man’s primal home, the most 
isolated, and probably the latest to be inhabited. 

South America may, for our present purpose, be divided into three 
major regions: (1) the mountainous western fringe, with its flanking 
coastal plains, and, east thereof, (2) the forested lowlands of the 
north, northeast, and center of the continent, and (3) the more or 
less open country of the east and south. With these three areas co¬ 
incides fairly well the distribution of the three major cultural group¬ 
ings of the continent—a correlation to which we shall return later, 

1, The Andean region. —The Andean cordillera lifts its peaks, 
ranges, and plateaus, paralleling the coast, from Panama to its dip 
beneath the ocean at Cape Horn. Toward the Pacific it is flanked 
over most of its extent by a narrow strip of lowland: tropical rain 
forest down to about Payta (5° S. iat.), in extreme northern Peru; 
the Peruvian-Chilean coastal desert thence about 1,600 miles to near 
La Serena (30® S. lat.), Chile; dry forest and temperate rain forest 
from La Serena to the Magellanic archipelago. 

2. The forested lowlands. —The forested lowlands of the Orinoco 
and Amazon watersheds, lying east of the northern half of the 
cordillera, form a vast, roughly quadrangular area. The northwest¬ 
ern and southwestern sides of this quadrangle are formed by the 
Andes; the northeastern, by the Atlantic coast line from central 

> Thoroae and Swanton, 1611, p. 66; Uason, 188S, pp, Sll-314; Lothrop. 1640; Klddar II, 
1640. Cf. Lothrop, 1839. . 

* Geographical In sectloii of paper target^ baaetl on: Jonea, 1930; Dcnta, 192T: 
ZoQ aad Bpartiawki 1923; Whltbeclr, Williams, and ChriflUaiUi, 1940. CL James, 1942. 
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Venezuela to about 400 miles southeast of the mouth of the Amazon; 
the southeastern, by a broken line running from this last point across 
country to central Bolivia. The sides of the great quadrangle are 
about 1,300 to 1,600 miles long. Most of the area is covered with 
dense tropical rain forest, except for the extensive savatmas of the 
middle Orinoco and of the Guiana highlands. 

3. The open-country helt .—The third division of South America, 
representing about one-half of the continental area, is the region 
bounded on the west by the southern Andes, on the northwest by 
the Amazonian rain forest, and on the northeast and southeast by 
the Atlantic. It is mostly open country, treeless or only sparsely 
wooded—grasslands, savannas, bushlands, and steppes—including the 
eastern Brazilian and Matto Grosso highlands, the Gran Chaco, the 
Uruguayan plains, the Argentinian Pampa, the Patagonian plateau 
and part of Tierra del Fuego. On the Atlantic border of the 
Brazilian highlands, the tropical rain forest extends in a narrow 
coastal strip down to about 25“ S. lat. The chief break in this great 
open-country belt is that made by the subtropical forests of southern 
Brazil and of the Paraguay and Parand basins. The inland and up¬ 
land savannas of the Brazilian and Matto Grosso highlands are thus 
practically ringed with heavily forested country, mostly lowlands. 
To the far southwest of the open belt lies the Chonoan and Magellanic 
archipelago, flanking the mainland for about 1,200 miles from Chilol 
to Cape Horn and covered mostly with temperate rain forests. 


SOMATOLOGY 


Our data on the living races of man on the Southern American con¬ 
tinent are very incomplete. Only in four or five scattered spots do they 
approach any tiling like adequacy, while for enormous areas, such as 
most of the Amazonian forested area, they are lacking almost entirely. 
No thorough analysis or interpretation even of the sparse data we 
have has been attempted. Dixon dealt with only certain selected 
elements. Biasutti’s review is wanting in detail. Our most recent 
study, Eickstedt’s, is at best provisional; however, such os it is, it 
represents at least a start.^ 

Eickstedt isolates four main physical types (pi. 1) two tending to¬ 
ward brachycephaly, two toward dolichocephaly—although one of 
these latter two, his Brazilid type, falls in the main within ineso- 
cephaly. Eickstedt blocks out the following distributions: The Andid 
subrace, broad-headed and of relatively low stature, occupying most 


‘Dlson. 1923, pp. 44S-4T2; Btasuttl, 1912, pp. 140-143, maps 1-7; Elcksteat. 193*. PP- 
720-758 atS-STO, map opp. p. 752; Perlcot, 1936, pp. 693-727, pasgiro, good lor blbliog- 
rapby; Erlcksberg, 1922, pp. 217-219. For references to otter classlflcaUong and distrl. 
bntlonar see: OuBlodeg 1039* pp. 4O0--418; ImbeUooli 1037. 
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of the Andean area down to CliiJo^; the Pampid anbrace, hrsd)y* * 
eephalous and of rotatirfllj tall atatlli'e, of the Matto Grasso plateau, 
the Chaco, the Umistnaj an plains, roost of the Pampa region, and Pata¬ 
gonia^ tlie Broziliii submce, of nitKltniit to short stature and hea'i'y 
torso, tending toward doHchoocphaty [mesocephaly], of the Ania- 
aoiiian and Orinoco wntarsliedH, most of the coastal forest belt flanking 
the Brazilian highlands, and the Bncnos Aires region; tJje Lagiil sub' 
nice, more markedly dolichocephalous, of medium to low stature, and 
of lighter torso, occupying the Brazilian liigtdnnds, and the Chonoaii 
and Magellanic archipelago. 

In general it cun l>e said that the Andean region is more dominantly 
bracbyecphaUc. while in what we are calling the open-country lie It 
there ie much more of dolichwephaly. In rain-forest areas, apart 
from the Colombian coastal reginn, there ia more tendency toward 
mesocephaly. These broad generalizations are subject to local 
exceptions. 

On the prehistoric South American racial types our data nre like¬ 
wise very sparse and inadequate, particularly for the tropical rain¬ 
forest region. None of our pruhlstoric liuiiiiin remains is of demon¬ 
strated great age. Aineghino’s claim to have discovered Tertiary man 
has long since been succesafuily challenged and disproved. In the hill 
raves of Lagoa Santa in southern Brazil and In tho sambaquis (shell 
heaps) of the southeastern Brazilian coast have been dhscnvered skel¬ 
etal remains of a race or races of seemingly conriderable age. But there 
is no clear evidence of very great age. The IT Lagoa Santa skulls are 
fairly high and, with one exception, dolichooephalous; the coastal 
slicll-henp or Bambaqui type is likew'ise do]ichoce[)hii1oua but with 
rather low forehead. A number of older post-Pleistocene remains 
have lieen found in the Pampas; some others here and there in the 
Andean r^on, such as the Pun in skull of XCiobamba, Elcuador. These 
earlier skulls from the Fampa and Andean region, like the Ltigoa 
Santa and sombaqui skulls, nre consistently long-headed, and many 
of them show other seemingly significant aimilaritica with some of the 
living pwpies such as tlie Botocudo and Fuegians, whom Eickfitedt 
includes in his Lagid race.* 

From such evidence as we bavo, sparse and incomplete though it be, 
we seem to be on fairly safe ground in concluding tliat earlier man in 
South America was long-headed,* thal'lhe hroadheads represent a 
later fitraturo, and that many of the modem Lagide are survivors of 
thia earlier type and have preserved to greater or lesser degree its 
characteriaticij, Tlie modem Lagids, or at least many of them, would 
thus seem to icpreseiit the mora primitive type uf South .ikmericau 

•urdiieke, leii: Eiebttdt, iftW, pp, tiS-tw; SnUlian mud Urtlaun, lau enjita 
enl^rittm I Cmtiiomd, ud Mittoi, C^bfiDi ouin. ^ 

*Am ill Atmri^ t SiTwut, IWOl 
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man. Whether the hmcbjc^phalic type or types developed out of 
the earlier dolichocephalic type or typej^j or represent a later 
tion into South America acro^ the Panama bridge or the Antilles, is 
an open question. All that we can say with any confidence is tliat the 
broadbeada appear in the main to be more recent, 

LINGUISTIC STOCitS 

As our evidence stands today^ there are more linguistic stocks, by 
probably a gmd 5Q percent, in South America than in Norrh and 
hfiddle iVinerica combined. Our most important recent review, Eiv- 
et‘5, lists 77 such South American linguistic stocks^ In view of our 
scant evidence for many areas and peoples and of our lack of » dior* 
ough analyigis of the evidence we have, thia suimlier is provisioDai only . 
Ill all probability it will be appreciably Increased or deeread.ed our 
information itself and the anaiy.^is thereof become fuller* Particu¬ 
larly defpclive is our information for the Brazilian highland region, al¬ 
though Kimucndajii and one or two others are helping to clear up the 
situation,^ 

Of tbeii* 77 stocks, about 14 are spoken over a good four^fiftba of 
tho continental area. In the Andean region, passing frtjin north to 
south, Chibcha, Quediua, Aymara, and Araucanian cover nearly the 
whole area. Over 'a good tvro-thirds or more of the Tlrinoco-Ama- 
zonian forest belt and in the West Indies are spoken Ar^wak, Carib, 
Tupi, Tucano, and Pono, or were in pont-ColuTubian times spoken^ 

In the open-country belt, about four-fifths or more of the area 
is or was inhabited by people of Ge, Guaycurfi, Cbarrua, Pudehe, and 
Tslion stocks. 

Most of the remaining 63 stocks are scattered over the rest of the 
continent, not cbeckerbcMird faehion, or at random, but in tlie main 
distributed in a great broken crescent ext^ding in tlie west along 
the base of the Andes and to the south along the soutbem bordci^ 
of the Amazoman forest and of the Brazilian highlands to the At^ 
lantic coast. Tbj^ marginal distribution may lie e^plaiued in either 
ono of two way's. The peoples speaking these stocks may have been 
driven to marginal areas fay the more nmnerous imd more powerful 
peoples of Arawak, Carib, Tupi, and other stocks. Or el^ we may 
assume that before the deployment nf these latter through the Uri- 
noco-Amozonian belt, this area was occupied by a very great number 
of peoples of diatinct linguistio stocks, and that, as the Arawak, Cafib, 
Tupii Bud othotfl apread out over the area, these earlier residents 

•alTBt, pv. Saa-TOTJ Xlmn^Daijei atHd laST, pp. fiAS-OBll. yai UiLCtildCii 

Bupa of S^utli An^rlu, atV4t^ 1024 ; W. Sc^iDldf; laCB. Atr«f. 
Mtiuclaf aiTst: Kru-ielwra 1^22. loap: Pirieot. 103^ larE^lj- biwl prevltin* iwU^ 
bibllwrup^: from KrfMd aoUL Fijt Ua<tiJjtic rn^pm 

Aamieh, H* Mwb. lOfO; T^dOUt ud SratOO, 1011. 
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took ovor tlio Unp;uagts of the inroding ewarms, thus leaving tbo 
earlier atomistic distribution of stocks on the uninvaded margins of 
the area. Wo have many instances, historically and ethnologically 
verified, of such change of language as a result of Tupi, Carib, and 
Ara^vak juvasion or r.ontact. 

At any rate, the distribution of Ktocka in South America is in itself 
evidence of very wide migrations ond drifts, many of them estab¬ 
lished histarically—migrstiona and rirtfts fiicilitaterl by the lack of 
great natural barriers over the vast lowland areas of tbo continent 
ojid stirnulatnl trt n roneidernble eitent, within the horticultumi bait 
by the provaient milpa agiiculture,* * and fur the 'Tupi, by the ancient 
and dijep-BKited tradition of a distant Utopia beckoning them m-* 

culture 

A. A1UEAL TOETBimSTlCfS 

For purposes of description and interpretation, the aboriginal mJ- 
tnres of South America may be ciaastlied negionnlly into threo large 
tUvkioiiH, the areas occupied by these diviaiona correepouding roughly 
to the Andean uplaiida, tlie forestpri Orinoco-Amazon lowlands, and 
wbnt WB have called the open-country belt. For convenience we arc 
calling these three culturai gronpings the Sienitl, the Silval, and the 
Marginal, respectively. The Marginal f» so denominated in view of 
the fact thst teclino1<^{;alty it is simpler than cither of (ho other two 
and that regionally it bordet^ on “ and ie marginal to the Sierral 
and Silval arcaa.'’ 

1. Mitrffinal tndtiirg , —^In this grouping we include the Ge-s?peaking 
peoples {provisionally) and the Botocudo (Bonin), Ma.^kali PataSo, 
Puri, Waitaka, and othere of easteni Brazil, together with the 
Bororfi, Guatd, and Guayakl, as. well aa tlie peoples of the Chaco, of 
the Uruguayan plains, of the Argentine Pamiai and of Patagonia, and 
the Onn, Tahgan, Alacaluf, Ghono, and Cbango — who, in the main, 
may be looked upon as tatcmally marginal to tho Sierml and SUval 
areas ^ and also certain peoples now or until recently of very simple 
niltura such as the Yartird, Maki'i, SchiriauA, Walks, Bahi'ma, Huhd- 

■ M. SebtnWt, HUT; cT. Ciwk. TMl. 

■wetTmm, 1039. pp SOi-sw. 

* Wrt luvfe an flAttifictorj c«iDprctL*iutn ductipUiiD Amerlcu caltEmt. 

b&tr, aaA Jin4 AVcinlGii»M4ld. IDiFb. DfArm, hut tntirb ikiv luterliL ku 

MPTfl out Ifl tli-W lAdI twift or thm fitoal* 1C33- \lMM ■ |[O04 ahort MVmwmrr Tll* 

At aoaill AJOArlcui ladlUl, DHW MLHf pre^i^ bw Uifi amiUiKiDbiii InitltnUon 
imdftr tbi nble 4lrectlaa ot Jol-Ean H, ^tcwqird, ^tEa thv cor^pmtiaQ j| mutt 
iptclikUftU, Ifrin h« inJUlUhfrt #110111 or For Wmt Iciiilv FowWil JWfi 

i«|1od : Lo[h»f^ ^ * 

^ WU^n. lOlT, i 3 h 4 h fTflioia airtrion. ErlfktlMif, 1&22; Moping ^ twofoM 
Nlt^TYflUtor, #fcll tuhdlvUVltU, *nt^ KnlturrEnkir, with [oqr lobdlTlAjoBi ' la lflS& m 
0114: OOllictan^ |^r<de3aeni, toil iCoJ GCqoi, bui worlied otll # 

nhatfold diTUloL., Itii 4-8 comfpoodlm to oar liur#!. No 7 ta huf riiw.i 

tbi HTPilninr fit# iq qtu- itiTftBMi. ^ 
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teni, KpliiiKiIitani, Muru, and Slron 6 , ivhonre found widely scattered 
hero and ttiore in tlis Silrol area aa internally IVtarffini^l groupa. (Sec 
fig. 1 .) TliB eitemally Jlarginal peoples occupy nioxi of our open- 
coimtiT belt, except such sections of the foreisted land tlierein as arc 
or were iicijupicd by liortiooltural tribes, mostly Tupi.« Some of the 
foregoing tribcKjSuch as tbe G£, Mura, and Siriond, may later turn out 
to be cuHiirally retrogresBed Sihal peupleB. 

Between tbese many Marginal i>eoples one finds Tcry numeroiis 
and profound regional and tribal divergences of culture 3 ’ But un¬ 
derlying these divergences there oaiets TCiy considerable uniforraily 
of culture both in what is present and in what is abseiit. 

We may sum up thk basic uniformity about as follows; Fowl- 
getting by hunting, fishing and gathering, with horllcuiturc cither 
absent or only rudimentary or less developed among most groups; no 
domestic animals exrept the dog, and oven the dog absent here and 
tliere; mom commonly no stiiiiulants (alcoholic boveragea, tobaccoi, 
coca), or else flemomitrably or probably of relatively recent or even 
liost-Columbian introduction; pottery very often absent or, wlierc 
present, of relatively crude type; clothing and Hdornment usually 
either very meager or very siniplc; weaving absent or at bad rudi- 
meiitarv; shelter of Uia simplest, such as the lean-to, beehive hut 
(pi. 3 , upper), and so forth; mats or altuei on ground for sleeping; 
use of stone, bone, or wood for wea|Hjns and utensils, with practically 
complete ahs^ce of mrmis; itnusuallj long bows and arrows ftTn»n g 
many of the internally Marginal and northern eiternaliy Marginal 
poopbs; fire-mahiiig by drill over most of the area, but by the per¬ 
cussion method in the Magellanic archiiielago and among the 
QuayoM and some Tebufilehc; canuibalism absent or practically so; 
well-orgonizi'd family system with prevaliuit monogamy or simple 

«Vflr thf Mnti-pltHfr Uf njflden who atj drtirr fd follflw UlTMih or tliflfk t.j, pd tb» 
fMntffflt Ihis culture of aifirelni:i| pcopUl. th* tnoro iHipoTtant (Ifit-bAlKl thd hcciiieiI 
rKtiEl HPcrtn. IDJUI/ of l^lbUOfrjpliiw, mn hm Wftena 

Itrulltnp DiBi-f^lbaln: Plooix oftrt 1M30 : Siwthkif#^ PClniLl- 

isna, Ntamaadijill nna fionir. I03T« iHaia j Ijiwlf, pp 

tiki; UMirj, 1^41. BmU: OotbAechini, i9ant d^n Steljara. 

ie04, M. Stbmjdt. liwe. 1014. : Vi Uanl. ChlCO: nO natltlBctoTT 

iiirr^j MsiLoiJIi^ tlw Btrufvr ilntii from ilio flianjr fOnnMl; A [horfiurh 

mfle bj MQtrviut About ColDplettil but not j^pt pabJSjibtd: ilUirl Aurtfja |b KrlcbobftC. 1022^ 
PP. Ud pp. lO-S-liT; ef. Ajio NonJfiiiihlBtd Ejlbltufiraplu 

JtrlHit, UnijfUBjr pnil rAfmht ilfqltli: Loifajrop, iDSaj IIWU, Ar^toalLbo PBini* 

ii»i( FAt&HoulA: auiI Urtlctn ifilO i PaIitpcIdo. Il>a4. OdJl, VilLj^Bii, AUcnlof (OboiH> i 

OQPlDdo, J&31, IWT; Lofhrop, JUai; Cbopor, lUU UffbAin, ifljfl. Yoniro: 

Pctmllb. 1I}4E>. Kc-liJrlHDl, ‘^VAlkiu Bkhdul^ ButadLuil„ KaEaikiITUiiI ? Epd£k43 rtliib«fi[ 

IKMtbi iud iDiiHp pp.. if4S—-310, TbO Btbiljili,. Dr. Gi^Tdiiiia InforMs mis 

fiTTDi hli ftfelit itudlOfi kb ItM Arfh A gib niib^rr tbJin a tribp; tben Ib BomA iiantlpii:. tM, 

ni 10 tth fiometiHa of Kodk-GrikuIrtt^A iiuuiD|>tiou ttiAt tDc mo tai 

pDlf ncflDtlf i^opM bortkuRtirp. ]kfD»p Skrloiid: oxcrbiQOJj uLi-ngt^r dati iraJlAblo; Im 
Uurt, cf. ; HnU'di, pp, JCtO-lTO : for MPmt ou Slriou^, w Fcrlrot. 10; 

Qmin^ 1(140, IP, 04^. Four tubdfrlilouA gf thn IPpueh Amerfemu Mairi:ni.li Arn In 
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FtouKE 1*—Distribution In historic times of South American Slerral, SliTal, and 
Marginal culture, and southern Umlt of agriculture; Apart from the areas in- 
habitated by the Marginal peoples designated on the map, nearly all the territory 
east of the eastern limit ef Sierral culture and north of the southern limit of 
hortlcnlture haB in historical timcss ahared the SUval culture. 
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polygyny, and here and there rather strict monogamy; tlie typical 
political unit a small band, usually made up of relatives, ■with bands 
occasionally forming loosely cohesive tribes with or without chief¬ 
taincy of limited power; moieties and moietylike tribal divisions 
as a rule absent, but reported among the Yaruro, Borord, and some 
of the Ge peoples, the moiety organization among the latter 
being of marked complexity; levirate, sororate, and avoidances of 
fairly wide distribution; among a number of the tribes, especially 
the Yaruro and Ona, land-tenure systems resembling closely the 
northeastern North American family hunting-ground system; sha¬ 
manism, but absence of priesthood; religion in general seemingly a 
little more animistic than manistic, with well-defined theism among 
at least a good many groups, and recorded in detail among the 
Fuegians, the Apinaye, and the Yaruro (pi. 4, upper). 

2. SilvcH cfulture }*—The area of the Silval culture includes not 
only the broad Amazonian-Orinoco forested region with its adjacent 
and enclosed savannas, but also the Guianas, the West Indies, most 
of Middle America from Honduras to the Isthmus, the rain-forest 
belt of the Colombian and eastern Brazilian coast, the temperate 
rain forests of southern Brazil and the Parana-Paraguay region, 
and the forested Andean foothills bordering the northern Chaco. 

As in the Marginal culture, so in the Silval culture there are in¬ 
numerable and important local diffei'ences, but underlying these there 
is a quite perceptible unifonnitj'. These more uniform character¬ 
istics of this far-flung Silval culture may be summed up about as 
follows: Horticulture universal, with use of dibble rather tlian hoe, 
and carried on under the slash-and-bum, shifting-cropping or milpa 
system; manioc (pi. 2, upper), sweet or bitter, a, or the, basic staple 
over most of the area, with, however, a good deal of maize, beans, 
sweetpotatoes, and so forth; the dog, at present, practically but not 
quite universal; widespread use of poison in fishing, and, toward the 
northwest particularly, of the blowgun with curare-poisoned darts in 
hunting; tobacco and alcoholic beverages throughout the area, the 
latter made with mastication (except of course for wines and mead) 
and indulged in to intoxication at festival drinking.sprees; canni¬ 
balism widespread, particularly but not exclusively among Tupi- and 
Carib-speaking peoples; well-made but simple pottery, here and there 
reported archeological ly and etlinologically of unusually good type as 
at Santarem and around the mouth of the Amazon; notable meagerness 
or absence of clothing, with, however, rather elaborate body adorn¬ 
ment, particularly featherwork; lip plug of fairly wide distribution; 

^*Otrr best reviews of cuUnre of area are Krlekebenf, l6S2 and 1939. For dtstrlbntlona 
of material culture elements, see Nordenstclbld, 1919, 1920, 1924, 1931. For social organi- 
wtloo, see Kircbhoff, 1931; Haeckel, 1933. For sources, aee GilUn, 1940; Perfect, 1936, 
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fairly w«]]-dt!v^g]ijpiHJ ivcnving; shdtur of timbei' fnmiowork dciiuind- 
ing fairly advanced carpentry and (3>mmoiily of dimeimionB largg 
f«iH»ugh to liou^ a Considerable, iiuiubcr of people (pi. 8. middle), 171111 
inside ground areas reported up to about 10^000 square feet or more 5 
ImniuiEiclOf; ^veapons and tools of £.tone^ ^liere; it is available; some 
metal ornaments; major social unit in the tribe consisting more com¬ 
mon] j| "^here date are rejiorted^ of tlie extended family or sib living 
in the large houses above mentioned^ with villages often comprisinff 
only one or two, at several, aiivh houses; vjtJagCM ai times con¬ 
federated into a loose tribal organiaation j moiety and sib ^sterns 
recorded hero and iht^re^ gonia uf the mi^iety systenriH bearing marked 
rEsemblaiice in certain details to those found among the (JS peoples; 
Icvirate^ sororate^ ami avoidaticisa not tincommEin; ctiuvade ^videspread; 
rellgiuti, as far os known, largely dtamonistle and animistic, with at 
least a good deal of ihcisiu anioiig imiiiy groups (pl^ 4, lower)* 

3 . Sierra I culture exteods from Colombia to 

the northeni Axunoanian anna ami is sliared by Urn [JCoples of the 
region wc have previously di^ribed as the Andom area, except the 
tribes of tic rain-fcjneist coastal strip In Ihw iiorLh wlio belong inoru 
to the Silval cnlturcp and tlic Changos of the Chilean coastal desert 
and tlio Chono-Fuegian Canw Indians wiowe culture ia of tha Mar- 
gkial type. The Araucankns of middle Chile down to Chilod ore 
in the main on a markedly oimpler culture level than the peoples far¬ 
ther liotlJj,, but in many respeebn ui'e linkcil ganelically witii the 
Sierra] culture proper and so may best be iueluded therein. 

Again, us In the Mrirgliuil und SHriil culLim^, imirkec] loeul 
differences appear in the Sierral culture as one passes down Lhe 
Andean highland fruiu Colombia to the aouth, but there is like* 
wise beneath tlio divergences an underlying cultural uniforinlty. 

The more chariicterisLiotraits uf the Sierral culture maybe suntmcd 
up as follows Horticultui'e univereiiJ^ witli mai^^ as the cliief 
staple and beans ranking next, except in the very high altitudes whore 
wliite potato£^,oca, and quinoa are Inisie; garden plots and fieUls tenEl- 
ing to be of more permanent loeation than under the Silval milpii 
syFtein, with irrigation in the drier lowlands and with terraces in the 
highlands (pL 2 , lower); the llama and alpaca domesticated uiul used 
for f ransportationj ivool, ftwd, and Bocrifices; coca chewing as n stimu¬ 
lant, in addition to tobacco and alcoholic beverages * very high develop¬ 
ment of pottery and wearing; full body clothing (in coniraHi to 
preilniTiinant Silval near-nudity) ; advanced ni<sUillurgy, in copper, 
platinump gold^ and (from Ecuador south) silver, but not in iron, with 
emelting, coainig by direct mid lo«t-wa^ iTietliod&, alloying of gold and 


■Tb&rjipiPffii* rlvrii Jin rrwJPi^nt ■cimimirjf nf SJivrrul CDJrflrifl rtr lln- 

wltlk Hlc^Tctl iKltilkfJin'Jlijilkl^a. Fcr fillli'r IrmtTUi^ikt, ruitM-lgllj’ of I'vru. with bltllofiraphyp 
M Meui^ 1S31. For of bartlniltnr^ lfi Si^rral amJ ailTui cut|iirr*<, OiPLwr, ia»f. 
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copper (tumbfie), of gold and silver, and of coppor nnd tin (brODXe)^ 
sintering of gold and platinum (Ek:uadf;r)|i^ pUlingj giUliug, sold- 
oring, and Tvelding; ordinary dwellings as a rule of vary aimpla con- 
Ktruotion but ailvani':ed megalilfiio architecture (pl+ 3^ lower) m Ibe 
central Andean region in the building of temples, fortiScations^ and 
other public fttructuresi ntad^i aiis+fieiiBion and atone bridges; the qui pu 
knot-record 5}^em, but no writings* wide use bs weapons of sMugs, 
f^tone-ljeaded and metal-bended clubsj spear and spear throwerj and 
bolaSi with bow and arrow absent or of quite socondary importance (as 
cuntraatifig with the Silva! and most of the Marginal area where the 
bow and arrow and the unheadt^ dub predominate ); advanced politi¬ 
cal institutions with high organization and centralization^ and partic¬ 
ularly in the Inca civilization^ militaristic iinpariatism; tribute ami 
laiteg; organized standing anmy; earlier prc-Inca tenure of garden 
plots in geveratly supplanted Inter imder Tuc^t. rula by jiruitcd com- 
mimal control of lend; elaborate market sptem; highly organized 
priestlioiHl and rituHlji-io^ alfmgBide of considerable sbainiiTiism; 
nninml and, to a limited extent, human saeridec; marked ^lor cult. 

Aft is obvioiiB from the foregoing siunmary descriptionHj the llargi* 
nal, Silval, and Sierra! cultures represent in the main three biirly dis¬ 
tinct levels of teclinological and economieo-political achievejnent, the 
Marginal being the simplest, the Silval more developed^ and the Sierrid 
the most compkxH 

It liaa Ijeen tiur masn purpose so far to out only in broadest out¬ 
line the nature and distribution of these three contrasting cultural 
tyjiesover the South American Continent and the adjacent areas of the 
West Indies and Central America. To keep the ppiettLre from booming 
too intricatef we have purpoe^y dosed our eye^ to the nuroberieiss 
tribal and areal cultural diversities and have trkd lo nee tlia conLitient 
as a cultural whole, even at the risk of appearing te oversimplify the 
wflll-i^ognized unemling coriiplszitius of Soolh American aboriginal 
culture, 

B. DIFFUSION AXD TEJrPOEAL SECIUZJ^CE 

Our ne^t task is thttt of intiTprsstai.iuiii^—here an a( tempt to deter¬ 
mine spatial and tem|>oral relationships As initial steps toward 
working out a provisional reconstruction of eulturtil sequence on the 
continent we may isob^ti! and :strip ofT cartain cultural elements in 
modern aboriginal South American culture that are demunstnibly 
post-Oolumbian, muJ secondly^ survey suuie of t!n^ more aigiillifrant 
carher diffusions that arc dearly nr reasonably inferable from the data 
at our cornrouruk 

1037 (t'f. rtricvTi tij a, ^JJlion PJB(J H, Ucr^oo In Arorr. AntLiiFlt^^ Tftl. 4^ pp^ 

S4-57, 

Cmip 1040. 
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1. EoBOPEiir AHi) Neobo Difetjbiom : Pobt-Colukbian 

A very great number of important elements, widespread among and 
well integrated into contemporary aboriginal South American culture, 
are, as is well known, due to introduction by Europeans since 1492. 
Such are, for instance, among domesticated plants, sugarcane, banana, 
watermelon; among domesticated animals, the horse, cattle, sheep, 
goats, pigs, chickens; firearms; weapons, utensils, and tools of iron; 
perhaps the pellet-bow; and of course many social, economic, political, 
and religious concepts and practices. Some less widespread and less 
significant elements are traceable to post-Columbian Negro influence, 
such as the marimba, and specific types of African drum.** 

2. Abobiqinal Diffubiok and Sequence ; Since Cibca A, D. 1000 

With the historical, ethnological, and archeolo^cal data at our com¬ 
mand today we are able to plot for a great many cultural elements, 
complexes, clusters, and types tbe diffusion routes that can be chron¬ 
ologically classified as of post-Columbian times or else as of the centu¬ 
ries immediately preceding the Discovery, and consequently relatively 
recent. Some of these diffusions are demonstrable or practically so, 
others rest on reasonable probabilities. Such diffusions of course pre¬ 
suppose and are temporally posterior to the rise and establishment of 
the respective cultures involved. If we strip them off the cultural pic¬ 
ture of modern aboriginal South America we can see a little more 
clearly the broader outlines of cultural distribution in South America 
several centuries before the Discovery—say about the year A. D. 1000, 
to select a more or less arbitrary date. Diffusion of cultural elements 
from the Marginal peoples to the Silval and Sierral has seemingly 
been minimal. Diffusion has occurred almost exclusively from and 
within the Sierral and Silval cultures. In each there have been certain 
marked major diffusions and others of minor significance. Let us 
begin with the Sierral. 

a. Diffusion within and from Sierral oulture .—Two major Sierral 
diffusions may be distinguished, one definitely tied up with the rise 
and spread of the Inca Empire, the other of less determinable prov¬ 
enance. In the two or three centuries prior to the coming of the 
Spaniards the Inca Empire developed and spread from around Cuzco 
to the north along the Andes as far as northern Ecuador and to the 
south as far as the Bio Maule in central Chile and along the eastern 
slope of the Andes to the Diaguita territory carrying with it a great 

»Post’Columblao white Influence: Nordensklbld* p|i. 232-234; 1&20, pp. 119-126 

197-202; 1030, ch- 7. Poat-Columblan Negro Influenee: Nordensktdld, 103oi eh. 7 ; Ulko^ 
wlta, 1935, p, 415. Pellet-bow : NordensklSld, 1919, pp, 4S-51, evidence for poBt-ColJimbian 
origin; Frlederlcl, 1920, p. 186* for pre-Colomblon origin. 
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iiujiiber of clcrn^nts wliich we lixtve previously Ustod ns typical of the 
Sierra! culture. {See fig. 2.) 

Partly in pre-Columbian times (Inoa and presumably pre-Tuca)- 
partly in posjt-Culumbian times, many of the typii^al Sierra! GlcmcnU 
drifted south into Araiicaniim territory. Such elements include, to¬ 
gether with oLhersr of less importance, irrigation and putadbly (guinea 
and the white potato, the doniesticatifjn of the llama, wool weaving, 
certain pottery t^'pes, metal work in silver, and the (juipu. In post- 
Columbian times prior to the midciltt of the eighteenth century the 
Araueuniaiis deployed far out over the Pampas tow art! Llia Atlantic 
coast, carrying with tJjezii their culture, many ebments of whidi 
dirough contact diffused well north and south of the central Pampas. 
Some time between tlie dates 16T0 and ITU this Araueanian influence 
profoundly modified the culture of the TdiUBlrhe to tlie south of the 
Pampas proi>er as far as the eoutbem limit of the Tchuelehe territory 
at the Strait of hlagellan. The culture of the Tehuelche as recorded 
in our 20 soureee from liiSO tu IQTO differed markedly from it as re¬ 
corded consistently fi-om 1741 on, and the majority of the new elementi 
aw obviously of Areucanian origin.® 

Through trade nnd other contacts a good deal of Sierral culture has 
filtered down from the highlands hito tlie adjacent w'oodcd lower 
casterp slopes of the Andes. But b general only minor Sierral in¬ 
fluences, tiurae of them at least recent i)<^st-Columbian, ore discernible 
in the Silval and Marginal regions. Such in the Silvnl region are 
probably elements such as coco chewing, the fealher Jiro-faii, and the 
Panpipe.^' Among the sevniiugly Sierral elements in Chaco culture 
are the feather fire-fan, games of chance, santinl and fillet, luid certain 
teitilo and fictile patterns.^ All in all, however, Sierral infiucnco 
on the Amajtonisn and Chacoan peoples did not, so far as we can de- 
temune, very appreciably chon gw tlieir fundamental culture 
AVlicther m far distant prehistoric times agriculture with such arts as 
wf^ving and pottery hod their origin in the Andean region and thence 
spread out over the Silvsl urea, in this manner greatly changing an 
assumed earlier urdioic collecting culture there, we are mjit lu a 
position to say, nor probably will Iw uulees or until the archeologist's 
Hpade digs up decisive evideuce, 

b. Diffusion within and }rom Sihml ctiltiiTe .—^Let US pass to the 
cultural diffusions stemming out from tlie Silval area. It is iwiwble 
that b remote times the cultivation of nianioe originated lu the Silval 
Iwlt east of the Andes aiul iheiice spread to the lowlands of the Sierrul 

113^11 TiiniiipaQn, iRifO. tIjc htgliir culron ml binAB 

ud AAttrlOr tOv Iistn-Eape tttd demanation. 

VP- 4W-410. 

n NonisfitiiWJii. pp. : 1024, th 211 iftao, i±. 0. 
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rcgi<Mi, but tbe evidfuii:* In far fpom dccis’ivt', Aii regards one minor 
Sind two tiiiijiir diffusions of SiWal (juJture, Tfc are on more secure 
ground. 

A miimr drift or drifts brougbi into tho Chaco certain Silval 
elements such as mimiot: liortieulturo, the tutitiioc grater,, wooden 
stools, hajiimocks, and the rubber ball for gmnea.** 

The first of tins two nmjor diffusions b that of tho Arawalcan 
peoples into practically the whole of the West Indies probably siime 
centuries before the comin;^ of the Spaniard, find later tlie invasion, 
stm under way at tiie time of the dist'cvery, of the Caribs across tiie 
I>essei' Antilles as far as sfime of tJie nearer Greater Atitillcn islands. 
Whether or not the presence of typical Soul h American Silval culture 
ill Southern Middle America repreBuntifi initiation or cultural intrusion 
into the area froni Stuith America cannot at jire^eiit be decided. At 
iinv nite, most of the region of Middle America where culture siiuilar 
to the South American Silval culture is found is?, like the latter's area 
of distribution, ruin forest. 

The original centers of disperaion of the Arawak and Oirih peoples 
isannot in tho present alate of our evidence he dctcnnincd. With only 
rare eiceptiona the nrcos over which they have spread are ureas of 
inipical rain fonat. Tliey have, it is tniK, occupied the smaller lower- 
Amazon siivaimas and part of ih« Brazilian liighhmd fwivaima, but 
lint, esoept in part, thii more extensive savauriHS of lire middle Orinoco, 
where in historic times at icost have dwelt peoples of other linguistic 
stocks, such as tho Otomac, Guahibo, Sdliva, and tho vary ptimitiva 
Yaruro, The Arawaks und the Carihs appear, in otlier words, to have 
shunned tho open country and to have kept in the main to tho deep 
forests. Somo of the spread of Arawak and Carib culture within the 
forested nr™ ia pretty clearly h matter of relatively i^ent fimiiim- 

tifiiis_as e. g., in the cawi of the SchirianA and Waika, it we can rely 

on Koch-G rii nlai rg.“ Most of the A ra wa k and Carib spread must, on 
the other liand, go back to relatively remote prehistoric times. 

The Tupi, like thu Arawak and Carib, have also kept pretty con¬ 
sistently to the forests. Tlie earliest determinable center of diapereion 
kweim? more probably, Since Mdtraux’ studies, and KUmek and Milke’s 
statistical analyria, to he the Amazon basin. Then well prior to the 
coming of the European they appear to have drifted down to the 
Piiraguay-Paranil and southern Brazilian region, the hlatoHc home 
of the Tiipi-Guariini. At least it is mostly from tlicse two centers on 
tho Amazon ami the Potaguny-Paranri that the Tupi spread out along 
the southern bonk of the lower Aiinizon, and along the Brazilian coaift 
with almost no break friim the iiiDUth of the Amazon to the eitroma 


aKiwdtnikllllil, lOXO. pp. :nz-ea.i; iaz«, pp. iinfi-liS. 

^ ; cf. HL SdunJdti K^IT. 
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Eoiithern Bniziliftii coa5t.“ Thus the Qc spcokitig, Boliwudo, and 
otlier Marginal peoples of the Brazilian highltimls becnmo almo^ en¬ 
tirely ringed by the Tnpi, who brought with them into the forested 
nrciLS whercT’er they went their typical Silvnl cultniv. Tlie regional 
distribution of Llie Tupi os mapped by hWlraua coincides almost pet^ 
fcctly with the area of dixlribudnii of the tropical and ptibtropical 
rnin forewts that nil but surround the eastern Eraailian and Matto 
O rosso Ill gh lands. 

Siirol infltieni's, in most cases mediated through the Tup'i, has deeply 
penetrated into the Brazilian highlaodH and adjacent regions and hue 
overlaid to differing d«ptli« the preexisting Morginal culture, leaving 
only areas here and there untouched or relatively nntouchod. To such 
Silval influence ran 1>e wtili reasonable confidcneo ascribed such ela- 
ments as horticulture, tobocco, intoxicants, the hammock, and ao forth,*® 
and poBsihly, although the i^uestion Lt still an open one, tlie basic pat¬ 
tern of the complex social organization revealed among the BorortS 
and by more recent etiulies :imong some al least of the Ge-spcnking 
peoples such as llic Apinay^, Canclla, and Serente,®* Many of these 
element diffusions from Tupi sources can be well dated by historic 
documents )is post-Columbioii. Furthermore, from the scattered dis¬ 
tribution of these Silval traits in the area, from their seemingly imper¬ 
fect assimilation, ami froiii the re(.»aicy of much or most of the 'I'upi 
invasion of the area, Silval influence on the highland region appears 
to Isa in the main nMKiit. All in nil, then, we have good ground for 
concluding that the process of Silval difrusLnn into tins Marginal 
n^gion has bwn miwtly a relatively late one, much of it known definitely 
to be post-Columbian and nuist <if l.he reat probably dating Iwrk not 
many centuries prior to the coming of the European. 

The numerous mignitions of Sierra] and Silval peoples and cultures 
which wo have briefly summarized in tho precerling several pages are of 
courw by their very nature chronologically later phenomena in the 
respective regions. 51aiiy of (hem are pont-ColiimbinB, most or all of 
the remaining ones are—some quite clearly, oUiera very probably—of 
dates later than the one selected almve, somewhat arbitrarily, that of 
circa A. D- 1000. At or about that date, the dislribution of the three 
cultuivs—the Sien-jil, the Silval, and the Marginal—^was much loGS 
broken and more regular than it was at the time of the Spanish con- 
qiiASl or than it. has lieeti in mrin! recent times (acc fig. 2). At tliat 
more remote date, the Siorral culture without the Inca oi'erlaj occupied 
hIhuiI the an-a wherw it was found at. the time of the Discovery; the 

l&ST; Kllmi^k Ami Mllkp, inftB, rp, Ct tn ChSri- 

fUAUO BilfniEloEi ACttMA thA D i& xlm fctmEnji foothlllf tQ thfi wfwL liiAfwf: 

pimfuTI? rtOTuracTitfiil In 10201^ 
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■<'lfAfrClc^1r lOM—1 'ralul>l# uudnblljig nt iht^ furitiai bot of nlilanAr# 
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Silval culturC) approximately where it has been in recent times, in the 
Amazon-Orinoco watershed; the Marginal culture, the rest of the 
continent to the east, southeast, and south. In case, however, the Ge 
should turn out to be partly retrogressed Silvals, the dividing line be¬ 
tween the Silval and Marginal cultures would have to be drawn far¬ 
ther to the southeast than we have drawn it in figure 2. 

3. Abobiqisal Ddtcsios and Sequence : Befose Ciboa A. D. 1000 

We have so far blocked out certain important temporal sequences 
that have occurred within the last millennium. How far can we get 
toward determining such sequences prior to our date of circa A. D. 
1000i It is recognized of course that any such historic reconstruction 
on a continental scale must rest on probabilities rather than on cer¬ 
tainties. But at least it seems worth while to assemble and appraise 
such evidence as we have. We shall take up first the temporal relations 
of the Sierral to the Silval and Marginal, and after that the relations 
of the Silval to the Marginal. 

a. S rmp AT. VERSUS SiLVAL AND MARGINAL.—That the higher pre-Inca 
culture or cultures of the Sierral region developed at a date later than 
did the Silval culture appears to rest on fairly solid ethnological and 
archeological evidence. Ethnologically civilizations presuppose 
and are built upon well-advanced horticulture. And we have no good 
ground for assuming that horticulture developed in the Silval area 
prior to or at least appreciably prior to its development in the Andean 

, area. A plausible case can even be made for the Sierral region as the 
birthplace or earliest area of origin of agriculture on tlie continent, 
although the claim may be disputed by Middle America or perhaps by 
the Silval region.^ While archeologically the earlier Andean pre- 
Inca civilizations cannot, over most of the area, be shown to have 
been preceded by simple cultures of the Silval level, at two points at 
least in the area, Taltal and Arica, early and perhaps the earliest 
archeological horizons seem to show an even simpler one comparable 
to that of the nonhorticultural Marginal peoples.” 

b. Silval versus Marginal —^As regards the temporal relations of 
the Silval and Marginal cultures the evidence calls for a little more 
in the way of discussion. Theoretically the Marginal belt might con¬ 
ceivably represent a retrogressive break-down and offshoot of the Silval 
culture. Actually, the evidence seems to be accumulating that the 
Marginal culture is in reality a tarriant culture, earlier in point of 
time on the continent than the Silval. The evidence for this inference 
we shall now summarize and discuss—first and chiefly the cultural 

• Cook, 1920 : Mangeledorf and Beeves. 1939 : Sauer, 1989 ; Tbompson, 1936. pp. 18-H, 

* Summary from earlier aources, in Cooper. 1924, p. 413; Important reeent eicavatloDs, 
in Bird, 1943. 
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eTideiiCT from ethnology and ardiflology^ then briefly the soniaUdcjgi- 
trI and g^ographiroil evidence. Some of tlie cidtiiral evidence is 
derived froin r consideration of the data from South America alone; 
other, from conEideriitioii of pan-oontinental conditions, froiii North 
as vrelt South Aincriea^ 

(1) C^tur<d evidence.—ifi) South American*—That the Fiiegian 
culture reprints in the main such cultural tarrianre friim very early 
times seems reasonably dean The evidence for this conclusion has 
bwn proviouHly presented in detail by the present writar, a conduHion 
strengthened, it Kftejns, by the archeological Investigations of Lothrop 
mid Bird which indicate that the earliest inhabitnnls of tlie area had 
a culture EssTningly even more simple than that of the modom 
Yahgon and AlacoJuf, and of the Ona and their dose eultural rela¬ 
tives, the Tehuekhe of suulliern Patagpnia, Furtlierniore the mod- 
orn culture of the Yahgan and Alacaluf in particular corresponds in 
nmiT}^ seemingly tfigniilcant roHpect^ with Uie esetremdy aim pie culture 
determined archcologically on ttie earliest horizons at Tdtal and 
Arica^ well up the Chilean coad.“ 

That the Go{ f), Botocudo (Boruii}^ Purij Waitaka^ and other Mar¬ 
ginals of easiem Brazil represent a surrived orchaic pre-Siival cul¬ 
ture in the region seems the niOKt i^asonable liypolheaia to accoutit for 
the eviden*^ we have* Tho cridcnco for the region has been mar¬ 
shaled by Ploeta aiul Metiiiux, mwb cvf the evidence for the northern 
Ge, by Snetiilage*^^ Tliis conclusion;^ to which we have pnivlouHly 
adverted^ is drawn pnrt.ly from the marked primitivity of the culture * 
as compared with the Siival, and partly froin the historically proved 
and reasonably inferred later intrusions of the Tupi imd of Tiipi 
culture into the area. 

We miiy IE Iso call attention in passing to the fact that, apnrt from 
the Carib Pimentoira and (Carib nr independent stock) Kariri in the 
eistrtem part of the highhuids^ the Carib and Arawnk tribes of the upper 
Xingil, the Arawak (iuiiiia and Tereno of the upper Piiragiiay^ill rif 
these last four on the far western bond aria nds of the highlands—and 
tho Karayfi of the Araguiiya River, the Tnpi are llie only almost 
the only people of horticultural or of typical Silval culture who border 
on Bhd areinlrusfivc intothif? whole great highland and .mvaiina section 
of eastern Brazil^ Lift Tupi peoples itud Topi influence from the 

■CQO[H?r, :eitt, pa ecu-ccc; pp. 4 ii~ 4 nj awes, pp, iio-iia, iTft-iof, 
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atcR and tliers remains an almoet. unbroken Tost refpou of nonhorticul- 
tural Marginal culture in the east from the lower Amazon to tho La 

Plata. . . . „ 

The Boror6 likc^vise give every indication of being a futitiiimeiitally 

Afarginal culture overlaid only lightly by Silvol elBmenta. The Tupi- 
speaking GuayakI in the midst of Tupi pwiplcs but with a. culture 
sharply contraeting iit almost every point with the 'I'upi, seem to be 
either remnanta of prehorlicultutal Tupi or elso a group later 'Tupi- 
ized H8 regards language but preserving a pre-Tupi culture. Ite 
Guatd are somewhat problematical but both i he archeological and tho 
ethnolc^cal evidence suggests cultural tarriance in tiidr case rather 

than retrogression. ^ i 

Utam tho Chaco peoples have rained influences from east, nortn, ami 
west, many of these influences oertoinly of i;o®ft-Columbian date. Tho 
reasonable assumption is that in limes prior thereto imd not very re- 
moto tho Chiioo peO'ples were closely akin in eultui'e to tho Charrua 
of the Uruguayan plains and to the Puelche-Qnerandi of tho Argen¬ 
tine Pampa. Moreover a coiiaidcrable number of widespread Chaco 
cultural elaments, such sis akin clothing, the hairbruEh, the sinow^bow¬ 
string, suggest father strongly cultural kinship with the peoples of 
the Pampas and Pabigiinian plateau the south At any rat^i the 
peoples of tho Chaco, of the Uruguayan plains and of the Pampas have 
a relatively very simplo culture as compared with the more elaborate 
Silvnl culture, and there is no evidence whatever te suggest that this 
simplicity has been the result of cultural relrogression. 

It looks, too, as if the internftlly Marginal peoples Bc-nticred here 
and there in the Sdval belt, or at least most of them, may be cultural 
larrionte from prc-Silval Limes. The marked simplicity of their culture 
contnisting sharply with that of the vSilval, the absence of evidence of 
retrogression, eiccpt perhaps with the Slum, the scattered typ® of 
distribution, and, in sohih coses, specific historic evidence, all miefioat 
that these peoples arc earlier occupants of regions near where they 
now ore, who have been driven forward, coiuiuered, scattered, pene¬ 
trated, or surrounded, and in eoine etudes, profoundly influeiiced cul¬ 
turally and UnguiflticaUy by later-coming SLlvol Amwak, Carib, ond 
Tupi, as well as other peoples of Silval cult ure. Such is the view, from 
first-hand study in the field, of Koch-Griinberg, as regards the bchin- 
anfi, Walka, and Makii," although it b possible that what he took for 
definite recent iiifitorical tradition may have been legriulary trib^ 
lore. Sonm of these people, too, seem to differ uoiiicwhat somatolo^. 


^ MordmiMSia, 1910, pp. 1935, PP-188-11®: P»l»T*rilifc 1994, p, 25.9. 
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Cfilly from tlitt surmtmding peophs of Silva! culture,^ Certiun calLural 
oorHiSpoadcnccSf too — such^ for itistanc^^^ as the esEtrr.meiy long bows 
found OJimng tbs Siriond and among many of tlie Brazilian higbland 
Marginals—appear significant, and as far as they go, Marginal 

tarrionce with later Silval cultnml intrusion. But our information on 
mmL of thsiso internally Ifarginal gmupis is at present woefully fmg- 
montary. We may ssiy jjn j>aj 5 slng that perhaps no more urgent task in 
Soutli American ethnology damors for att^ntbni i han that of thorough 
field investigation of these 'vf^ry kimpte peoples scattered here and 
i hf\r^ through the Silval belt. 

(b) Pan American evidtmee. — The fcjregning South American evi¬ 
dence for the priority oF the Marginal culture or cultures tn the Silval 
is appreciably corroborated by the Pan Anirrican evidence. A very 
coneidemble nuI^ll^lF of s|>w:ific and diagnostic cultural elements found 
in South America, particularly though not e’^clUHiv^ly among the 
Marginal peoples, largely disappi^ar in Silval South America and in 
Middle America, and then reappear in North America, arul in u 
number of cases even in northeiLsteni and iiurLhcrn Asia. 

Nordenskiokl first culled attention to the phenomena and their 
probable significance nearly three det:ad«s n^h Tn Uifl final paper on 
the subject pubtishetl shortly befoi^ his death in he listed 64 
such elements* Krickeberg later barred or fused soma of ihesa but 
added about othars, Loeb, Schmjill^ and von ITornbo&tel called 
attention to certain specific correspondences in puberty rites, religion, 
and muHicjil style respeid ivrly* A number of striking resemblances in 
folk lore have been noted by Lowte, Mdtraux, and others.^* To the 
abn va 1 hits 1 ho nt wri ter can add about 15 or 2(1 further ite^us, A1 1 

in nib we have before us about IDO or moi^ nuch North-South 
cfirrespondences* 

Of iliesa, ^eh m family hunting territories or the use of 

skin garments, of crutchlcss paddles, of plank housea and plank boatj^ 
>jhnu1d liefli be bft. out of count, ns they nre not specific enough, or 
else may well be chance convergencest or convergent functions of 
similar naiural cnvimiimcnt nr basic Wirtschaft in the fur north and 
far south of the continent* Seme few of thpim, too — fcurii as scalping^ 
the hollow rattle, sanrlals^ t.lni husking peg — may quite pcpssibly tw 
the result of independent ditfu^ion from liorticultiiniL cultun^^ But 
a great many of them, prolmbly a gnwl majority, cannot seemingly be 

■ Knell Urflnlaenf, ITWtfIn, p 878 J IfHMUi, 18^. Tlic SlrtOfVd tn tK»i4ifrir>T b7 ElckiUtltii 
in34, pp. tM, aia, m Ia dlffw^ bm aUCIi I^sclsil mnr wfliU b4 tlut In IhlrnilnTiif of 

vbh* tfid Nixra blo^ lo wtilch 1* mtdB CtrdOiH iSHfi. r. 280. Ct Ontn, in24. 

r^i'anltlvpcfiDpliiilcihi on ihif 8lrl4itiA wlU tuiTf p*«lt {|i« cdnifilioiioo of A\}#a HdSiabtft'l 
Ct'ld iKurij now In prAifT^ajL 

N4rt!«Qtlcl8til 10t2fl, 1031* pp. fl"in. 74, 77-04 itl. 102fl; 1030, pp l«8-1S8H 
Krirkriicnt ; Ixjflb, IflSl, pji. f^2-nsa ■ W. Scbmldt. 1*». fift, 1008-1033; ton ffnrn* 
1030 let Dtncktrt. I037i; lOOr, pp, 1^4-108; i* 4?i. ^2’'- Idritniu 

1030 (ct. PtSawlDO, imo : Lnamtli, 1012. 
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accounted for on any of the foregoing grounds. Such, for mstanM, 
are: Thread-tattooing; Ere making by the percussion method; sundial 
and inclined-stick traveling signs; the association of head-scratcher, 
drinking tube, hoof rattle, ashes (charcoal), foot race in early “corn¬ 
ing, and gathering firewood with girls’ puberty rit^; the remarkable 
grouping of games—hockey, lacrosse, ring-and-pin, hoop-and-pole, 
dart game, battledore, dart sticker, dice—in the BraziUan highlands 
and particularly in the Chaco; the perhaps still more striking oc¬ 
currence of a large number of very specific folk-lore motifs, especially 
in the Chaco. 

These very numerous and quite specific phenomena appear best 
accounted for on the hypothesis that the Mar^al peoples of North 
and South America, or many of them, have retained much from a 
common cultural ancestry of archaic days prior to the rise and spread 
of the more advanced material arts on the continent. In other words 
the Marginal cultures of South America, or many of them, are more 
primitive than the Silval, in the sense that they in appreciable measure 
represent cultural tarriance with partial retention of pattern from 
times anterior to the development of the Silval. 

Added weight accrues to this inference from the fact that a certain 
number of these North-South correspondences—such as thread-tattoo¬ 
ing and the ring-and-pin game—are shared as well by some of the 
Marginals of northern Asia."” A certain amount of further support 
is derived from archeology—^as for example, the consistent absence of 
head deformation and sporadic absence of the dog, among earlier 
populations, as among modern Marginals, of North or South America 
or both.®* 

(2) Somatological ctiidence.—Somatological data cannot as a rule 
be cited as evidence in the cultural court. But the fact that so many 
of the peoples of the Marginal belt appear more or less closely related 
physically to the earliest physical type so far recorded on the South 
American continent, does seem to corroborate, as far as it goes, the 
cultural evidence for the primitivity of the Marginal culture itself. 
So related physically to the ancient Lagoa Santa-sambaqui type are 
the modem Tahgan and Alacaluf together with the Ona and Tehuel- 
che, as also many at least of the living Marginal people of the 
Brazilian highlands, and some perhaps of the other Marginal peoples.** 

(3) Geographical Geographically the externally Mar¬ 

ginal peoples are in the main in more remote areas of the continent, 
farthest removed from the doorways of ingress to the continent via 
Panama and the Antilles, and farthest removed by sheer distance as 

«Blrket-Smith, 1920 , pt. 2, psMlm. 

“On atbaence of head defornafttlon, cf. Stewart* 1940; NordeneklOld, 1931* p, T3; Imbel- 
lonl* 1034 ; Lov^n, 1935, pp, 43S-400; Barrington* 1921* vol. 2, p- SSO. 

« HrdliCIta* 1912, pp. 179,18S : Elck^tedt, 1934* p. 7B6-759, 
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wall as hj natural barriers from the cultural influences of tlia adranced 
civilizat tons of the con tmenL Most of the inte n ml Iy Marg^nal peoples 
are likewise in nunoter “refuge** areas of tiia tiopicnl rain foresiL 

4, The Qt.TifLfiTTn!i df Olp VVtmuj iKn.iiTjrcE 

’Within iJie limits of a short paper like thia pros^^iit, whidi has 
already gone fnr beyond the kngth originally planned^ it is not 
possible to enter into a detailed reviaw of the ovidence bearing on 
tills snpercomplicatiHl probltra. And unless the avidenea pro and 
eon is discussed in minute detail and against a pan-continental 
ond even ’world-wide- background^ discussion of 11 is all but futile* 
Tlift ablest treatment of it which ha« yet appeared is, to the prewant 
writcr^B best judginent, that by Nordenskioldj to ’wbich the reader 
\r referred for details.*^ Without entering into the minutiae of the 
controverEy and merel}^ to fill out some of the main linet? of culture 
§^UEUCe in South Ameticaj we ahaU confine laifKalvea to the briefest 
statement of the conclusionB whichj in the Tiew of Nordenskiold a^id 
of nK}St of UK interested in tha problem* seem to follow from such 
evidence as wo have* 

The earliest prehijdoric human migrants from northeastem Asia 
to ihn Anierienn continent brought with them their heritage of Old 
World paleolithic” culture. Beyond, however* this initial heritage 
from Old World culture, there appears no convincing or even good 
probable evidence for appreciable afjcretiipns in pre-Columbian days 
to South American culture through the migration from the Old 
World either of peoples or of culturesi whetlier by a northern route 
acr^s Bering Strait or the vicinity thereof or by a southern route 
acrosB the Pacific. 

Our evidence regarding an element here and such aa the 

aweetpotato, the ealabaslh or the coconut, makes plauEible—though 
far from proved—the asf^umptiou of «|ior:idic pre-Columbian cultural 
contacts between Oceania and South America/^ But the inference 
that there has been notable or basio pre-Columbian Old World in- 
Hui^ncfi u^KJo Suuth American culture, as maintained by the Helio- 
lithic and Kulturkrels schwls “ seems to rest on eitrcmely weak 
positive evidanee and furthermore to be in confilct at scores of crucial 
points with our massiva atliimlogi^-iil and an-heological evidence^ 
The resemblances on which tliese two schools mostly real their re¬ 
spective cases seem far too few, too scattareiJj and too vague to Justify 
ixmclufliotiif of larga-sc^nla diffusion from the Old Worlii to the New by 

* KanJ^iinkinUI, iSni, p]i, Ill-Efl. 

** Nrinlvnikinid. im, pp, CT-50; 1D33: fif. Cook, lOlO. 

u W. SclioiMl. lUT^ ^ emllli, W'MK Cr. crrUliiUn Id: Dt^on. 7 AUil pAukm : 

c^pii ror iDoiT rei!:ebt «!ipoiil l |i;ifi of R^vct'i tbrOOFlM ol O-pMTllf 

tuflumt in A^rl^ofil Sou III Antrlu. m mvoi, MJ. 
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liie OcwniRti or any otber route. Apart from the initial ^pakolii liic” 
(in tha sense of ’‘preliorticnlturar) inheritnrnai, apart from a poa- 
aiblo stray pre-Columbian accretion here and there, and apart frem 
obvinua post-Columbkn influencisa, tlffi culture c»f aboriginal ijoutn 
America gives every indication of being home-grown. 

In attempLiiig to discover and rcconalruct the broad lines of cul¬ 
tural sequence on the South American continwit wo have r^orted 
to the stripping process, following revatso chronological order. 

Since the coming of the while man, four-and-a*half centuries ap>, 
a large group of imijortant elements of European provenance^ ami a 
very limited group of minor elements of Xegro origin, have spread 
vrideW over the continent or parts thereof. 

Since our more or leas arbitrary date of about A. D, 1000 or «mco, 
in round numbers, about a millennium ago, a half-dozen major cul¬ 
tural diffusions or drifts have oceuiTcd—the Inca and pre-Inca 
within the Andean area, from the Southern Andean (Araucanian) 
out into the Pnintusan and Patagonian, from the Silval (mostly 
Ihipi) into and around the Brazilian highlands, and (Arawak- 
Carib) into the West Indics^-nnd other minor diffusions, such ua 
those from Ihe Silval and Sierral into tlie Chaco, from the Sicrrol 
into the Silval, and a great number, not dealt with in the preamt 
paper, of more localized ones within the Sierral, Silval, and Marginal 

respectively. ^ „ 

Earlier, perhaps around the lie^nniDg of the Chri^ian bra or 
maybe long before^ caim the beginnine^ of horticulture in the Silval 
or Sierral area or both, and together with n^rociated or aubs^uent 
niora advanced material urta and divergent ssocial and religious 
Rtructurcs and usages spread out over tlie western, nortliern, and cen¬ 
tral regions of the continent, penetrating to about the limita of the 
arable knd in the Sitwral area and of Iha tropical anti subtropical 
rain forests of the Silval, Thisse cultural drifts, liuwcver, left rela¬ 
tively untouched the cultures of the great i>astern and southern open- 
country belt, and seemingly, too, a number of orchnic cultural islands 
here and Ihere within the Silval area os represented by the internally 
Marginal peoples still surviving there, and even within the Sierral 
ns repreflentfsd by the coastal Change. ^ 

Still earUer, between the remote first migration or tuigrationa of 
man to the continent—perhaps 10,000 to 115,000 years ago—and^the 
beginnings of aboriginal American horticulture, the original 
“paleolithic*’ culiure of these earlier iiumigrants was carried by them 
over all or most of both North and South America as they deployed 
tin! over forest and iipen country, highlamlH and lowlands, .Some of 
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tho Terj early culturej iierhnps even of the earliest, Eurvived, and 
has lieen retained down to the present. Milch ur nn'tfst of it suffered 
inoro than a sea change, in the process of adjustmient to Tarying new 
ejctemal enTironinerits and under the unpulaiori of internet foiees. 

TENTATIVE EBEmSTOKlCAL IlEtXlNSTnnCTTON 

Before bringing this paiier to n doee, it seems worth white, at the 
risk of Some rej^ietition hut in the interests of clarity, to giTo a rofiuiiic 
in chronological order of what, for purposes of diHCtissicui, has been 
dealt with in inverse temporal order. Tn doing so wo are venturing 
to fill out the picture a little by adding a few iletails only implicitly 
or incidentally touched upon in the preceding pages. Sonje of these 
details in the following attempted recoiiairnctiDn of tho broad linea 
of culture growth on the South American continent — and in a certain 
soTwe the boaic i^rnxistruction itself—timst of necessity, in view of the 
many lacunae in our evidence, bo tentative and provisional only. 
Workers in ihe natural sciences take for granted tliat it is legitimate 
to formulate proviaional theories, if only ae working liTpotheaes. 
Why may not the cultural anthropologist do tiia same, provided ho 
keeps reason ably close to his evidence and proposes his reeonrtructjong 
as provifiinnal only and not as established verities? There la a via 
media between giving free rein to fancy and speculation and setting 
up tentative hypotheses to be tested. 

The long-headed earlier peoples of the South American conLinent 
must have reached it from North America either by way of the Isthmus 
of Panama or across tlie Antillee route. How many" thouaand yeara 
ogo this ocnirred there is no very definite evidnnee for concluding— 
p^ibly only tlie 4,000 which Spinden allows, perhaps some thousands 
of years earlier ns suggested by our linguialic data, and by some of 
Ihe more recent archeological evidence for Soiilh hs wdl ns North 

Man on hia arrival in South America had In all probability a very 
simple culture without agriculture, weaving, or pottery, without alco- 
^Uc intoiieanls or tobacco, and, judging from its'earlier absence 
from the extreme aouthrm tip of the wuitincnt and itn modem ubsenoe 
from ft great many other pcoplea of the .^larginai and BIIv.il belts, quite 
possibly, too, without the dog. Fire in the early stages was more 
bkely by tlie percuasion method as well na by the iill. Roiling witli 
hot atones was practiced. Body painting and depilotiou went along 
with the use of the brush comb. Head ileformation was lacking. The 
autonomous politiCfi-economic unit was the sinall band, moetlv coni- 
^il of kin, each band with its own more or les« oircumscrllH,d Bover- 
cign temto ry. SiIh, moieties, age ctosses. marked riociid stratification, 

^ Hliliadcg. tU-^T: Blr,]. j 1040 . 
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and powerful chieftaincy were probably absent, although there is some 
question regarding moieties and age classes in view of the recent Ge 
evidence. The family was the basic social unit, polygamous or pre¬ 
valently monogamous in form, with probably some strict or fairly 
strict monogamy in groups here and there. Esthetic culture was 
weakly developed; recreative, very slightly organized. Religion was 
most probably a combination of shamanietic, magical, animistic, and 
theistic concepts and practices, with relatively less manism. The prob¬ 
able later derivation of the hollow rattle from the Silval culture and 
the actual absence of rattles of any kind south of the Strait of Magellan 
suggest that the rattle, at least the hollow rattle, was not part of 
the earliest magi co-religious culture. 

The marked dominance of weapons like the sling, club, spear, and 
spear thrower over most of the Andean area to Cape Horn contrasting 
broadly with the dominance of the bow and arrow and unheaded club 
over most of the area east of the Andes, seems to point toward two 
great more or less independent cultural drifts in the western and east¬ 
ern regions of the continent, drifts which may well date back to 
remote archaic times. 

For some hundreds, and perhaps thousands, of years the South 
American continent was occupied by peoples of such simple culture as 
has been above outlined, a culture partly preserved in varying degrees 
until the present or until very recent times here and there in the Sierral 
and Silval regions, and over most of our open-country belt. During, 
however, these centuries or millennia countless major and minor local 
and tribal cultural divergences developed within this pre-horticultural 
pattern. 

At the latest during the first millennium B. C- and perhaps much 
earlier, came the beginnings of horticulture, together with more or 
less sedentary village life, alcoholic intoxicants and tobacco, weaving, 
pottery, and other more advanced material arts. Whether horticulture 
first reached South America via the Isthmus from Middle America, 
or originated independently south of the Isthmus, is an open question, 
although some of our recent evidence seems to be a little more favor¬ 
able to the theory of South American origin. Middle America’s claim 
to be the birthplace of maize cultivation is being sharply challenged. 
Then, too, at least some weight is given to Peru’s claim to priority from 
the marked variety of plants, about 70 in all, cultivated there in pre- 
Discovery times. Or else the domestication of plants on the southern 
continent may have begun as root-tuber horticulture, with perhaps 
white potatoes in the central Sierral region, or with manioc somewhere 
in the Silval. 

In any case, waiving as still sub judioe the question of the exact 
locality or localities of its origin, horticulture in South America 
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swiTiB to have lat^r diffuiii&d in tivu main streams; one, cortying chiefly 
maize, beans, and white |>otatoes until it enrereU the western belt 
from Colombia to ChiJod; a eeeond one cniTyiiig chiefly manlcK: wid 
beans tmtii it extended over the great rain forests of the Orinoco- 
Aniosonian region and flooded out over the Antilles. 

At later dates, mostly after our more or l«s arbitrary one of A. D. 
low and in many seetiuns even after the coming of the white roan, 
this baskuLly manioc culture spread around and deeply penetrated 
into the eastern Brazilian and Matto Oroaso liigliiands, diffused into 
parts of the Chaco, and swept over many of the savannaa within and 
adjacent to the tropical rain forests—ari’ajj until tlien occupied by 
QODhorlicultural Marginal 

Tn pneral, it loolts as if the t^ienJ larger groups of the Silval belt— 
especi^ly the Carib, Arawak, and Topi—pretty consistently kppt. 
in their spread to the tropical and Hohtropical min forests, penetrated 
to tliir limit tlicroof, and stopped shoii at the sarannos and grasslands. 
They stayed in the deep forests and avoided the open country. £ven 
the Ttipi-epeaking Ciiiriguano on their weeteni trek out of the Para¬ 
guay country across the Chacu, settled, not in the open Chaco region, 
but in the forcstetl fnothilla and lowlnnds bordering tliereon. 

For tlie Iwginninga of the high civilizations of the SierrHl region, 
Hfcheolt^ has so far yielded us no well cstablLshed dates, nor has it 
determined definitively how much of this more advanced culture may 
have had its origin north of (he Isthmus. Such facts as we have ran 
be fitted comfortably within the assumption that Sierral civilization 
with Its advanced weaving, jartteiy, metalhirgy, megaiithic arehitcc- 
ture, and political iustitutioias~lo mention only a feiv of its outstand¬ 
ing characteristics^oes not date in ita origin or origins beyond the 
wginmng of the Christian Era. At least there is no specific evidence 
for an earlier date. 


Assuming, albeit with reserveH., an origin or origins of Sierral civili- 
zatmti around tha firat centuriea «f the Christian Fra, thb pre-lnra 
higher ctilture developed and flourished for about a millennium. 

Then, eomewhera between about A. D. 1100 and A. D. IMO raine the 
nseof Ima imperialism which, during (ho generations immediately 
preceding the coming of thft Spaniard, carried hg truculent conquests 
as well Oft Its characteristic culture from oround Cuzco to tlie north 
Ecuador, to the south ua far as the Bio Maule in 
middle Chile, and out into tho Diaguita country in nDrlhwestcm 
Argentina. 

Apart from this main area of diffusion of fcirlier Andean and later 
Jnca cmlizalinn, Sierral culture in diluted form spread to tlie Arau- 

pre-Columbian timi«, 

I artly m post-Columbian. Tn post-DuMrovery flaya, thia liilTitcd An¬ 
dean culture was earned by tlm Araucaniang far to the oast pf the 
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fioutJicni Andes—by the middle of the eighteenth century^ through 
actual Arancaniflti iuTasion, to the peoples of the Fampa, and^ some¬ 
time between 1C70 and 1741» through Araucanum contacta^ to the 
TeUUelcIie of PatagooU aa far south as tJie Strait of Mage Nan. 

Such in brief appear to be the broad lines of aboriginal South 
AinericaTi cultural eTolutiou^ as far aa our availabln sQuoLtoIogical, 
linguistic, ethnological, archeological, and historical erideuce repeals 
tlutm. Some of tliis reconstruction is derived from dated hiidorical 
documents. Much of it rests on evidence that yields temporal infer- 
aucea of frnm tvjisonabk to high probability. But on many points imr 
data are pathedcaUy meager^ and the provisional reconstruction we 
have venttirKd Uf prupcifle will In all likelihood have to iw ruvised not 
only in many of its details but also in some of ite major lines long be¬ 
fore the Ewveral kindred discLpImes conremed shall have gleaned their 
last fact and spoken their last word. 
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^ILV^L PHVSrCAL TyFE 3 . 
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fofelh^l Inkul anrl "fclh/ PihpI Ff'lfW^'^ P*J*m 
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SHflLTEFl AND COHftTnUCTIOH. 

Un^lVD ^U■[ Cf Ttw EPAtlriMS Vfthenn, of lllf M*KVlilin|e pjir ^jrjtJi^mtCiiwE |^' iJ(tlr» uP 

llta:> WEitUl, ait* dn&rif (Froni iixJ DvilUe^.V 
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dHTtHHl^tutkc p^nrtnirticin. (l^rrur'U^y IIem 7> TMJniidfc.) 
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The Lighter Side of Life. 

a amaas th. of Ma.to oiosso, B„„i, (Co^^y Vfoc^nzo 

Lowor. Yaaim boy. of north^rtom Peru, with monKeys. (Courtesy Paul Fojos.) 








ORIGIN OF FAR EASTERN CIVILIZATIONS: 
A BRIEF HANDBOOK" 


By CiBL WeiTiNO Bishop 
Freer Gallery of Art, Smithsonian Institution 

[With 12 plates 1 
rNTRODUCTlON 
ATMfl and METH0I>S OF STUDY 

Anthropology is that science which studies man in connection with 
his environment^ physicalj social, and economic. But to this end we 
must also lay under contribution many of its sister sciences, notably 
those of geology, climatology, biology, and history; for these too can 
throw light on various aspects of our problem—the career of mankind 
in ancient eastern Asia, The cultural significance of that part of the 
globe, moreover, like that of every other, can only be rightly under¬ 
stood if we view it in relation to the cultures of neighboring areas ; 
while the growth of civilization there must, as always, be interpreted 
in terms both of time and of space. 

CHINA 

P/iysical erwironmerU. —^As a preliminary survey, we need to know 
in at least its main outlines the geography of China; since it was there 
that our particular phase of the great human drama began (Cressey, 
1934, passim j Latourette, 1934, voL 1, chu 1)* 

As a glance at a map or, better still, a terrestrial globe will show, 
the area in question occupies a position marginal or peripheral to 
the Near East—the region where, as we now know, civilization first 
developed* Ever since fairly remote geologic times, however, these 
widely sundered areas have been linked by two great land routes or 
thoroughfares of migration and travel, vegetable, animal, and human. 
(See map* fig* 1) * These pass in a generally east-and west direction to 
the north and to the south, respectively, of the lofty tableland of Tibet* 
The former route, that on the north, has in general played far the more 

i ReprlQled from Smlthsonlftii War Background Studies, No. X, Fubl. 3681, June 10, 1942. 
The author died June 16,1942. 
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ijn|M>rtH]it role in liuniiiii hisloiy; but the latter, kn<iwn in part as lJih 
now fiunouif Burma Koad, has coma into renewed prominmica of late. 

The sea route between the Occident and die Fur East did not crmie 
into US! unti] much later, well on in ihe Isistorical period—not, in fact, 
uni i| saiJs and eeagoiiifr sltips bad long been known in the Near EiusL 

Siirfta;« /eature.9 .—Northern CJiina is precmineiitiy a rast, low- 
lying alluvial plain, bordered by the sea on the one hand, on the other 
by rugt^ area^ that form the »c»rp of the central Asian plateau. The 
Ch‘in-ling chain of hills—dwindling ontlierB of the mighty Khm-iuii 
Mountains of inner Asb—divides the basin of the Huai Biver from 
that of the Yangtze and forma a faunal, botaukal, and historical 
boumlary of great importance. 



*'JuitKK L—The *-invj.i[M MurJclor” uud Uic Far 


ajutheni China, on (he contrary, is in general hilly—in parts even 

nioimtiunous; but its clcvaiiona do not form continuous, well-defined 
lang&SL 


Loeti 8cd.-OveT much of northern China, and extending far into 
ceiurHf Asm, lies a thick mantle of loess soil (Ukewise found in other 
parts of the world, as for instance in many of our western Stat&t and 
portions of Eoroiie). This type of soil, of a fins powdary consiatenej 
Hnd gray,«h yellow in hue, is divided by geologiats into two varietiei 
pimury (colianj and ficcondary (alluvial) loess. Of these, tlia first 

'!!f during the (geologically 

speaking) Bficent epoch, aiuce the close of the lest ice age; while tlie 
^d, a denvativo of the first, hae been laid down by water {which in 
this way, for sample, creaUd the groat North adna plains jnet 

Sm ) * * PP* ; Audereon, 1834, 












FAE CJIVJLINATIONS—SliJtlOF 


405 


Bivers hi northern China the rivers are ‘^joung^* (again 

in ihm geolugip stoi»g) ancl ure tliiii%£Qrtt subjcsct tn tinvastaling flnnd^. 
By far the largest is tho HnangHo or YcHow Eivcrt sometimes civLled 
“‘Chinii^B Borrow^- on uccquiil of the t^rrihle Uieisj of lifn which it nffpn 
eaiises. Tills stream rises in northeastern Tibet and is 2,500 miles in 
length. Too shallow and swift to be an important waterways it has 
often altered its lower course; tbe most recent of these changes occurred 
less than a rimtury ago* South of it flows the Huai Rivar^ much 
shorter^ and the moutli of wbieh has for the pa^t few hundred years 
been cut off by the Grand Canal, so that it no longi^r flow^s directly 
jtitu the 

The rivers of sontliem China | on the other hand^ are ^Wturo^^ in 
idiaracLer^ with deep, welUdeflue^l cliaruiehiv Tlie must iniporiant is 
the Yangtze, second in size and volume only to the Amazon, in South 
Amsrira. Lika ths Yelloiv River, it loti ris^ in iiurtheawtern Tibet, 
and fiowfl in a general easterly direction for 3,200 miles before it 
rpaches t he saa, ne?i r t he pniwnt ci l y of Sh anghai. It s value as a high¬ 
way of commerce is very great, and oceangoing steamers are able to 
ascend it fur over 600 miles* In the early historical period it entered 
the sea through a delta with three mouths, now reduced to one. 

The river systemg of soutlipostern China are nearly all short and 
coastal, fevr of them extending back into the interior of China. Tiieru 
are likewise, especially in the center and norlh of the country, nu¬ 
merous lakes, some shallow and subject Ut sejisuiial fluchiationa of out¬ 
line, while others are deeper and more permanent in character. 

Flor^ ^fiii /tiiinji.“Thti gi^eat plaim of nurlhern China were before 
the dawn of history probably open grassland, with belts of timlier 
along the streanLK ami on the wateivhedi^—much like our American 
prairies in aboriginal times. The Yangtze Basin and Mouthurn China 
in general, on the other hand, seem to havebecni covered with luxuriant 
subtropical forest continuous with IhuL cloLhitig Indu-Chiiia and much 
of India, and not unlike the one Hiat once occupied the southeastern 
part of NoHJi Anierica. 

There arc in ea^em Asia two main zoological provinces, a Dorthem 
and a soidliwriL The boundary l>etween these Eoday extends, roughly, 
along the southern border of the Yangtze Basin; but in ancient Limea 
it run at least as far north as the latitude of Peiping.'^ 

Menec as late as the second millEUiniurn B. C- China hud, even in 
the north, many largo forms, such as the elephant, the rhinoceCDs, and 
the wilier buffalo, now living only in regions much farther ^ath. 

Rostem Asia wos^ in fact, during ancient times (before humuri activ¬ 
ity had yet had time to produce its usual destructive effect) a region 
teeiiiing with very many fonus uf wildlife, both aniiiia] and vegetable. 

''TMl pirnllrl, vf!rj UMTljf 40* M. ljfttLtkkri«^ tbrotlEh nnrilwra dUfCkruill and 

mtrjil ItiTMMj <]□ Adf fiLd# bt tat tIO'bb 
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Amotij; these, numerous species in both the animal and tlia vegetable 
kinj^oins were ciosely related to otbere tliat we look on us cspecmlly 
chaructenstic of the New World. For mstonoe, the onlj parte of the 
globe where the true alligator occurs today are North America and a 
tiioall ari'u on the Yangteu River, liany other eiamplcs of like nature 
might bo cited. 

There whh— and Jftill ie—a bird life wonderfully rich in bolt) number 
of individuals and variety of species, the latter including terrestrial, 
iirboronl, and aquatic forms. 

controlling factor in the climate of China—of all 
southeastern Asia, in fact—is the alternating occurrence Oif the man* 
soon winds and their influence on precipitation (Oressey, lOM, pp. 60- 
61 and passim). The summer monsoon, blowing steadily from the 
i^outh, olf the (K^uatoriul ocean, is warm and moist, whereiiu the winter 
monsoon, from the interior of the continent, is dry and bitterly cold. 
These distinctions are very marked, and their effect is to divide the 
year rather sharply into a hot, lainy summer and a cold, dry winter. 

The Middle and lAte Pleistocene periods, when tho vast deposits of 
loess soil were being slowly formed, seem in general to bare been much 
drier than now but to have been followed, during late preliistoric and 
early historic times, by an interval of rather greater rainfall ond 
warmth than arc found in northern China today. The general tend¬ 
ency for at least the past 1,500 years seems to have bin in the direction 
of growing aridity, interspecHed with somewhat wetter phases. All 
these climatic fluctuations have influenced human aL-tivily in countless 
ways, tlie effects of which are still clearly visible. 

AHJACEIfT LAXOa 

Nortliwcat of China proper are the lofty plateau of Tibet and that 
nesus of mountain ranges forming the Pamirs, the “Boof of tbo 
World.” North and nortbeHSt of China extend the elevated plains 
of Mongolia and Manchuria, wooded on the east, bare and tending 
more and more to aridity on the west Other lands—Indo-China, 
Korea, and numerous great island groups—lit to the west, south, and 
east All tliean, together with China iteelf, fonn that part of the 
globe which we know collectively as the Far East. The region ia one 
that is playing an increasingly Jnrgo and unportaiit part in world 
history, as we all realize. 

rttlMITlVi: !iLVH 
uezs 07 ZAULT UAK 

It k still undotermiticKl exactly where the hum an race origin atetl, 
ultliough we may at least bo sure tlmL it did so in the Old World, not 
in the New. Recniit discoveries have rovailed, however, that numer- 
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ami forms of man anca but that all sava tbc ono found 

eventually became ertinct (Abbot et eh* 

pa^im). 

aiA3^’* 

About one of these very early hnnmn types^—whaltier or not di¬ 
rectly ancestral to modem man is ptlll disputed—we have been bear¬ 
ing inucb of late, Tliia is the primitive creature commonly called 
'Tekiiig tnaii^ (ShirntthT^pua pskinen^^)^ which lived around the 
vciy beginning of the Plerfitocene period, variously estimated at from 
250j.000 to 1,000,000 years ago. 

IIXS OF THE OI4> STOSnS Acns 

During tlia past few years also, traces of men of tlie Old Stone Age 
or Paleolithic period havi* couLe to light in eastern Asia, as, for iti~ 
hlaiice, in nortliwestern China proper and on the borders of Iton- 
golia. Tliese people lived much later but still os early as the begin¬ 
ning of the depotsition of tlie loess, not less than from IO 3 OOO to 
20,000 yeara ago. From this time onward until lute prehistoric times 
there is a great gap in our knowlEdge of mim in eastern Asia^ Pos¬ 
sibly he did not e>tii*t tliere at all then, the climate ffilluwiog the ice 
age being too unfavorable to permit living in that part of the globe 
by people rtill in a ftHcd-gaUiering (os opposed to a footl-producing) 
stage of culture. 

MORE lOeCENT RACES 
NEcaom Tines 

In times much Jess remote from our own but stiU long before his¬ 
tory l^egan, southern Asia and suiiie of the islands off its coa^t seem 
to have been inhabited by two dark-akinoEd races, one of pygmies, 
the other of a taller people, perhapH akin to the Papuans of Niaw 
Guinea or to the aborigituw of Australia.* This tiocond racOp some 
students have sUHiietlcd, onoe emended ils itiflueneQ nortliward as far 
»s Japan, there to contribiitp to tlia formation of the Ainu, still 
found in some of the northern islands of that archipelago* 

A CAUCASOID TITS 

Somewhat later but still far back in prehistoric southeastern 

Asia and many of tli& East Indian iBlands seem to have Iwn over¬ 
run by a browti-skiTmcd race of Caucasoid type, i>erhHp3 dlidantJy 

-Of * few HAttmd rnntiflnii itili ^lir, in th* MaUf tb* 

AndnnLiD lfl4tsdl, tht PaUlpplrkpi. wd ind thi?r im-^Wtlonpd In aid CtilnM 

mwnld, Tha UrfVC Wins mom pwhAJii IjflU ru^ftTiP'tilfc^d by thtt fp»»ntlyl 4flXtknct 

TbiliuLaUnt^ 
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related to the ‘^Mediterraneans’’ of the west. This type may still be 
seen entering into the composition of the present population of the 
area; thus travelers often mention seeing individuals there with the 
aspect of southern Europeans. 


MON-KHMKE STOCK 

The Mongoloid or yellow-brown variety of man seems to have be¬ 
come specialized somewhere in central Asia and to have spread 
thence outward, toward the sea. The first traceable members of this 
race in the Far East seem to have belonged to the Mon-Khmer 
Jinguistic stock, still found in many parts of southern Asia. They 
spread (or were driven) southward until they occupied much of 
southern China, Indo-Cliina, parts of India, and apparently some 
of the islands. Physically they are shorter and darker than Mon¬ 
goloid man in general, possibly on account of very early admix¬ 
ture with the pygmies already mentioned, 

SINO-l^Al STOCK 

Probably a good deal later than the Mon-Khmers came the 
speakers of the Sino-'Pai family of languages (to which, re¬ 
spectively, belong tlie Chinese and the Siamese). These two groups 
of speech are very closely related to each other, and this may account 
in part for the success of the Chinese emigrants to Siam.* 

The Chinese ancestral stock spread, at some prehistoric time, over 
northern China (roughly, the Yellow Eiver Basin), while the T^ai 
speakers occupied much of the Yangtze Valley. Southern China and 
Indo-China became more especially the home of the Mon-Khmers/ 
Throughout historical period, various forms of Chinese speech 
have been steadily supplanting both T‘ai and Mon-Khmer in south¬ 
ern China or have driven them into Indo-China. 


TIBETO-BUKMAN STOCK 

Yet another linguistic family, the Tibeto-Burman, is related to the 
Sino-T^ai group, although less closely than are the two branches of the 
latter to each other. As their name indicates, languages of the Tibeto- 
Burman family are today spoken mainly in Tibet and in Burma; but 
in ancient times they extended over much of northwestern China, and 
remnants of them still exist there. Physically this stock is very 
variable, though essentially Mongoloid in cliaracter. 


* The Siamese like to call themselves (As T‘al (or, less correcUy, Thai) : hut they are by 
no rneaos the only people epeaklng a T*al InDguage. ^ 

we are now speakine are today mach alike in ubrslcal asuect. 
Thl* “arks being more especially matters of speech, costume, and custom 

Thht applied In very large meastire aleo to the Japanese. 
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NEOLITHIC PERIOD 

Characteristics .—This stage of culture is characterized by the use 
of ground and polished stone for tools and implements, but it also 
marks a really tremendous step in man^s progress; for it was then that 
he became a producer of food instead of depending, as he had always 
done hitherto, on what he could find for his nourishment, whether 
animal or vegetable. It was then that he began to domesticate various 
kinds of animals (except the dog, already associated with man far 
earlier) and different food plants. 

This Neolithic phase of culture prevailed over practically the entire 
globe, only disappearing from different areas as civilization slowly 
diffused itself. This was true of eastern Asia as of every other region; 
thus the Ainu of the Kurile Islands, northeast of Japan proper, re* 
mained in that stage until well into the nineteenth century. 

About the Neolithic period in western and southern China we as yet 
know little, for not a great deal of archeological work has been done 
there. Of that of northern China, Korea, and Japan, we know 
much more. The Neolithic inhabitants of these regions seem nowhere 
to have been pastoral nomads but invariably semisedentaiy planters. 
It is also interesting to note that in northern China at least the skeletal 
-evidence shows the prehistoric population to have been directly an¬ 
cestral to the present one. 

Like the Neolithic culture of much of eastern Asia was the one that 
we find in northern China (Bishop, 1932a). There, however, it disai> 
peared, or perhaps more accurately was submerged, under a developed 
civilization of Bronze Age type, with a knowledge of metal, consid¬ 
erably sooner than was the case in many adjacent lands. In parts of 
Mongolia, Manclmria, Korea, and Japan, for example, Neolithic 
cultures survived until the Christian Era and even longer. 

In northern China this cultural phase spread over the entire country 
save for areas subject to seasonal inundation or too heavily timbered 
for easy clearing with stone tools. There as elsewhere (for instance 
in Europe), the Neolithic peasants sought more especially lands cov- 
ered with loess soil, as being at once more fertile than others and less 
densely overgrown with trees and brush. 

HfAitatians ,—Habitations in northern China, as in so many other 
northern lands during this stage of progress, were pit dwellings or 
earth lodges, roughly circular in form and beehive-shaped, usually with 
a depth and diameter of around 10 feet, and entered from the top, 
(See pL 2.) 

The Chinese character hsmh^ now meaning a den or cave, in its 
ancient form clearly represents a vertical section of such a pit dwelling, 
with its domed and timbered roof (fig, 2)- Archeology has in this in¬ 
stance, as in so many others, confirmed the evidence of epigraphy. 

508700—4-1 - 31 
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During the warmer months, which comprised the period of growth 
and also the rainy season, these pit dwellings seem to have been 
temporarily deserted for huts built in trees or on piles and aptly likened 
to “nests,” situated near the cultivated patches. 

No signs of fortification of any sort have been found; and in general 
the Neolithic peoples, in northern China at least, seem not to have been 
very warlike. 

Villages of these underground huts were not occupied continuously 
over very many years. On the contrary, as soon as the soil of the vi¬ 
cinity had lost its fertility through the wasteful mode of cultivation 
then used, and which included clearing the ground with the aid of 
fire, villages were shifted to other localities with unexhausted soil. 

TiUage .—Cultivation was probably carried on in common, perhaps 
mainly by the women for magical reasons connected with the idea of 
fertility. The implements used were digging sticks, hoes, mattocks, 
sickles, and perhaps spades, shod with stone or shell. {See pi. 3, fig. 1, 
and fig. 3.) The staple crop was common millet (Panicum milia- 



Figukb 2.—Moflern acd ancient forms of Chinese character for hsueh 
(a den or pit dwelling). 

csu7n)j and many mullets and mealing stones, used in preparing this 
grain for human consumption, have been found. Rice also was being 
grown in the Yellow River basin in Neolithic times; and there is some 
slight (though doubtful) indication that sorghum (kaoliang or giant 
millet— now an important food crop) was also known then. 

Beer, brewed from millet and perhaps also from rice, may likewise 
have been made. The method used in early tunes to set up fermenta¬ 
tion was that of chewing the grain and then steeping it in water. 

Armnal husbandry .—In its variety of domestic animals during this 
cultural stage, China was far poorer than was the Occident. The lat¬ 
ter then had the ox, sheep, goat, pig, and dog. China, on the other 
hand, had only the two last, though toward the close of the period the 
ox, sheep and goats, and even the horse may have appeared (the horse, 
however, perhaps not as a domestic animal). 

ImpUm^ts and Supplies of the right kind of stone for 

making tools and implements have always been of vital importance to 
Neolithic man everywhere. The most common implement in Chine, as 
in other lands, was the ground and polished stone celt, which occurs in 
two fonns, the ax and the adz. A rectangular or semilunar stone 
biife had a very wide distribution, being found not only in northern 
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Cbinii but alsii in Japan, anc! even far afield as among the 

Eskimo, (See fig. &.) 

Arrow points wei-e of atone^ bonsj and shell i and picka nf fleet antler 
sitiriW to ones foimd in Europe also occur. Spindle whorls of clay or 
stone and perforated needles of bone show that at lenet sewing was 
known^ and |i^'hsps weaving also, for impr^ions of cloth on certain 
ancient Ctunese potsherds may posdbly date back to Neolithic tiinEss. 
Bark doth like the Pfdynesian bipa Lo hsivc been made j and 

during tJiecold season furs were undoubtedly worn. 



Ftoutu; 3h- iltal of atone, EinrUiwGfltBm dUnii, 

—Pottery woe well known in cftstem Asia during lliis cul¬ 
ture phase^ Broadly ^paaling, it fulls into two groat categonca, iv 
norUipm and Or soiilb^rti, tho furnu^r u^iuiill}’ ornamented in Tarioua 
ways, the lattermost often pluin. 

TliB sorthem family is iiAtlf divisible into two clftBses, Of these, 
ona is n coanso ^iiy wiirti, »<herdH of which are found all over northern 
Chinn snd are clowly nkin, tn tiie pottery of the neighboring areas, 
Hand-mnde, often by the poiling process, it appears in a wide variety 
of forma. OninTneniafinn ia incised, impressed, punctate, or applied, 
and the wure Itaei f is as a rttln jioorly dred. 
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The other sort of northern ware, far finer in texture and apparently, 
in some instances at least, made on some rudimentary form of potter’s 
wheel, likewise displays a wide range of shapes, which as a rule differ 
from those of the foregoing type. This finer ware occurs more espe¬ 
cially along the great migration route from Chinese Turkistan across 
northern China to southern Manchuria. Varying in hue from a light 
bluff to a dark reddish brown, it is as a rule highly burnished; some¬ 
times it bears simple geometric designs in color, most likely with some 
magical or symbolic meaning. 

Both types of ware occur together, however, and seem to have been 
made by the same people. The Chinese burnished pottery gradually 
deteriorated and finally died out before the dawn of history. Not so, 
however, with the coarse gray ware; for this kept on being made, at 
least by the peasantry, until well within the Christian Era. 

In northern and especially northeastern China there has also recently 
come to light a very fine black pottery, somewhat later than the kind 
just disclosed. It was, however, still Neolithic; for no metal has been 
found w ith it. Its exact significance is not yet clearly understood. 

Trade seems to have been little developed in China then, 
for given communities were self-sustaining. No particular demand 
for imports had as yet arisen. Cowry shells from tlie southern sea- 
coasts and obsidian (volcanic glass) for certain implements must have 
been traded from considerable distances; so contacts of some sort must 
have existed, most probably of an indirect, ‘*hand-to-hand” sort. 


Relipon in northern China, as in most lands during 


the Iseohthic period, most likely consisted of beliefs in magic and 
animism and in orgiastic ceremonies for the promotion of fertility 
in general. In these, women probably played a large part. In China 
as elsewhere, indications of human sacrifice and cannibalism have 


been found in this connection. 



mentation with other materials, and so to further 
pi. 4). 


rrent to experi- 
progress. (See 


YAK EASTEHN CIVII-lZrtTlOXS—BTSHnii' 4^3 

The Ncolitbie period elsewhere in theFer Kest sefirnstu liave been 
siriiilur in a general way to the one just discussed, though in most 
places without the burnished pottery. Nowhere were the iwopla yet in 
a pastoral vriil^ tclading of fltarks and herds as their means of 

livelihooil. (hi the contrary, they were planters, though with niora 
dependence on hunting and fishing Ihau in northern (Ihiiia. Mon¬ 
golia, for instance (which today we look on as preeminently a piwloral 
region), seems only to have adopted that ly|jfi of culture when it 
acquired slieep and cattle (apparently from the west, to judge from 
the skeletal evidence); and nomadism proiwr after obtaining the 
hoCHf!, proliahly not long before the middle of tllO first millennium 
B. C. The effects of the acquisition by the Mongols of the latter 
ciiUunil trait, incidentally, may pmtitnhly be compared with those 
that took place among our own Plains bdians when they gut the 
huree from the Spaniards, 

somiEitx oinsESE cultuke 

Southern China, Indo-Cliina, Mitlnya, and the islands off the 
coast, like the Netberliimls EbmI Indies, Borneo, and the Philippinns, 
had a somewliat different type of Neolithic culture, chai-actcrbccd by 
pile dwelling (see pi, 7, fig. 1), long dugout canoes, nndecorated lot¬ 
tery, and in many if not ail areas head hunting, tattooing, and ritual 
cannibalism. Tlio peoples of these areas did some planting, more 
especially of leaf ami root crops, but also depeinhnl greatly on Ibbing. 

Tltis southern culture made its way northward along the coast 
oa far os southern Knrea and western Japan, wlwre ita iiupreas still 
survives. Eventually it readied a northern ftiriu of Neolithic cul¬ 
ture more like the one jusL dej!Oril>ed, 

CKAIjCOLITUIC FEAtOD 
TBANSJTIOS ]l£TtVZ3:X fflONB AND HKOSKK AflEt 

Except in northwestern China, almost nothing is yet known about 
the transition from the Neolilliic period to the Brniiiw Age. lu 
Ejuiku, stone impleiuants remained in use long after copper (or 
bronze!) arrow points and trinkets tiiqwnrtHl, us signs of contact with 
ni rial-using peoples to Uio west. Burnished (and sometimes 
painted) jHjttery (.■ontinued lo be made, but was not as fine as before, 
and its designs tended to become naturalistic rather than geometric. 
Villiip's were now protwtwl hy earthorn wallfl, suggesting an increase 
in warfare, jierliaps even invasion fnmi without. 

In Shansi there has lately come to light still anolliar Chalcolithic 
culture. Thia hail a Kiiiull lunount of true hnitiiw: imd also a different 
kind of pottery, bearing an imprwiiieil spiral design; and sheep seem 
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to httTC been diB iirinripa] if not \litt only domestic aniiimb. Littk, 
bo'd-ovHr, is knoTm of tliia now culture us yet 

DisrniBtnirjsr 

Dotli Knnsu and Shensi (for these provlncee, see tnap of China, 
2J)^ we ^ould note, ate isJLuiited along the ea^tprn temiintia of 
the nioru northern of the two transircjTitineiittil migrotinn routes. 
(See map, fig. |.) XJcnce the presumption that bronze and the 
^i^ng of Bheep had ililfnsed theuisulves to Cliiiia from the west 
(where both tiiese culture tiv-iiis bad been k(io«-n much earlier) be* 
comes almost irrcsistihle. 

The Chulcolithic period in eastern Asm still forms a “dark pRe” 
In many areas, indetnl, it probably never appi^art-d at all, the tran¬ 
sition from liie Neolitbic i^rind to a fully developed Bronze Ago or 

even to one of iron Iniving been a direct one, without intermlM^iate 
jjJiHses, 

BRO^iKE AGE 

CKAJlACrElElBTICfl 

A Bronze Age is by no meiins an invariable cultural plmse OTOry- 
^lere on Uie globe. It hits, on the wintrary, been strictly limited in 

7 *Trt““nw lo ' tba North Temperate 

Zone of the Old World, from the Atlantic to the Pacific. (Sec map, 

fag, 4.) Before it had had time to difTiise itself beyond this area, 
bronze had linen overtaken and supplanted, save for limiteil uses, by 
that cheaper and more useful metal, iron, 

nnrrsiON 

The tn,e Bronze Age, as distinct from the ChalcoTithic period that 
i.hered it in, l^gan m th« Near East some 6,(WO or 7,000 years ORo 
and lasted until about 3,000 ye,.^ ago, when it gmdudjjr gave wai; 

Ln caaterl^iB lei 

than 4,fWO years ago, and lasted there for about 1,500 yearK, 

A l the Bronze ^ civilizations am based on the same set of funda¬ 
mental elements. These were: the uso of bronze ifaelf for weapons and 
^Planents; im^on of the common domestic anima^andcSIlyated 
plaiiU; knowing* of the wheel and of animal traction i and some form 
of wntJiig. The spread of these cultural trails took place in various 

OufD^nf ‘*'t ^ of course took alongtime, 

^r pr^nf civilization has spwad far more rapidly, mainly as the 

muU ofimpi-oved means of communication and trai^rtatiL Wit 

n^ for mcampie, tbo rapidity with which the ai*e, invoked 
hardly a generation ago, has reacliud all parts of the earth 



To xctuni to thfl Bnmae Agtj, however^ the third and aecnnd niillen- 
iiiumK, tiefore our era were marked by greJiL disturbuDo^ widely felt 
in the Old Worlds The uncieiit kingdoms of the Near Knst fel1| in moat 
cOBCC through iuvMaioii by peoples baviug war charioiis and improved 
weapons of bronTO. It was siich peoples that overran and conquered 
Mesopotamia, Egypt, Anisi Minor, northwestern India, and northern 
China. These movements, when traced backward, aU point to 1.1 m 
western end of the Eurasintic steppe belt (see map, fig. 1) as their 
regiiin of dispersion. Significant too Lb the fact that bronze weapons 
and war chariots appeared latest and survived longest at the two ex- 

RtVER-VAliEVCIVILHATtONS 
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tromitiea of their region of occurrence—in the British Isles in the west 
and in China in the eawi, having gono out of use slightly earlier in the 
hitter region than iu the former, 

mtOKZE AGE Cl'^t.t!!AT] 0 !fS OP THE NEAR BAllT AN 1 > OF OTINA 

It is illuminating to compare and contract the Bronzo Age civiliza* 
tions of tlie Near East and of Cliinm In the former region the de- 
velopment of the Bronze Ago haa been traced Htep by step out of the 
antecedent Neolithic cultures into the fully developed metal-using 
civiUzatiotiB of eariy historicol times. This evoluticm njquired at least 
4,000 years and in some pnrliculnrs much mtira than that. 
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Thus in Babylonia, writing, wheeled vehicles, the ox-drawn plow, 
wheat, and all the cominon domestic animals except the horse, with 
a complete mastery of bronze working, all existed well before 3000 
B, C* In China, on the other hand, there seems to have been no knowl¬ 
edge of the metals before around 2000 B, C* Yet only something like 
500 years later we find the Yellow River basin occupied by an already 
well-developed Bronze Age civilization which had most (though not 
quite all) of the elements known to the Near East a thousand years or 
more earlier* This civilization must therefore have appeared in north¬ 
ern China during the first half of the second millennium B. C- 

Thus not only did the Bronze Age begin in China many centuries 
later than in the Near East, but it survived there nearly a thousand 
years longer. Moreover the Chinese form had from the first, ap¬ 
parently, a well-developed system of writing, a veiy skilled knowledge 
of bronze working, and the same domestic animals and food plants 
(though not yet the ox drawn plow) as in the Near East. Also it had 
wheeled vehicles and animal traction, including the use of horses to 
draw the chariot. The latter object, moreover, was used in exactly the 

same way as in the Near East, for pagentiy, ceremonial, hunting, 
and war* 

On the other hand, in China the local Bronze Age lacked certain 
traits characteristic of the same cultural stage in the Near East. Thus 
the Chinese had no dairy economy or weaving of woolen fabrics; and 
It was not until around the fourth century B* C* that the ox-drawn 
plow finally appeared there (Laufer, 1914^1915 passim). 


CHINESE ORIGIN LEGENDS 

Clunese legends about the origin of their civilization (the only one 
of which they knew in antiquity) have come down to us in late form, 
and do not represent genuine folk recollections, at least as they stand. 
They are not, however, mere inventions or fictions, but preserve, albeit 
m distorted form, the real beliefs held by their Bronze Age ruling 
classes about the beginnings of their civilization (Latourette, 1934 vol 
1, pp. 37-40; Bishop, 1934, p. 297). ’ 

'^e oldest traditions cluster about northwestern China, especially 
southwestern Shansi and central Shensi. This localization is signifi- 
cant; for the area in question is again-like the one Just cited as that 
where the Neolithic painted pottery and traces of the earliest knowl- 
edp of metals in China occur—near the eastern terminus of the “cor- 

fiS; !■) Archeologioally and ml- 
turally, this region is by far the most important in eastern Asia, 


THE H8IA DTNASTT 


Chinese accounts, the first dynasty was 
that of the Hsia, but of this we have neither contemporary record nor 
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identiliabh mid eonie have even doubled its 

exjHtenca^. in kt^r (but stiU fairly early) limes, liuwever, the Usias 
aaem to baTe been re^nled as in some w>rt the forebears of the ruling 
ohiss during die Cliiiicse Bronze Age; and it seems most probable that 
they were an actual gTi>ij[>j perbaps a local one (Creel^ l&STj pp. 
07-131), 

TflZ SKASq BYHAWrT 

The Kot^i>iid dynasty claimed by the Cliints^a vvasi the Shang. Here 
we are on much firmer |^ound, for of this wo haTC both actULil H'cmaina 
and contemfiomry written recon Is, Tin* Shangy se^™ in the beginning 
to liiivG been ineixdy qiic of several bronze^using groups in north westcru 
China, located in eouthwestern Shansi if we may believe an enrly 
legejiiL Our oldt^t aci^uiiL^—reduced to their present furrii ceiiltiriei^ 
after the close of their period-^eclare that they shifted their capital 
sfeveral times. 

Eventually however, perhaps about the sixteenth or fifteenth cen¬ 
tury B, C., wo find them seated in the great North China plain, near 
tlie Yellow Kiver. Hen» tJiey established tJieinsetves, Hionoeforth t» 
bo for several hundred years the dominant group in that region, 
Eitlier then or perhaps earlier the SharigS! wetiiii to have adopted 
numerous cultural features from the aborigines, descendants of the 
old Neolithic peoples; but essentially the 8hangs themselves were a 
Bmnv^ Age grf>upj of ralher priinilive tyja?- 

Tn later times the Shangs were sometimes called the Tins; but there 
is no contempomnecus evidence that they ever applied that name to 
themselves* 

With the Slitm^j tlicn, authentic Chinese history may be said to 
have begun • (Creel, 103T* chap* 3; Laitourettej Ift34, vuh 1, pp, 40-4G), 

Na/.ur^ o/ —The Shaug “empirc’^’ meant simply 

live area, tnaivily in the middle and lower Yellow Eiver ba^in, in which 
they exerebsed a prerarinus HUpnnnacy over as nuvny other groups 
(mo^it Ilf tliem jmibitbly with a dmiUir type of culture) os they could 
hold in Kiibjerliun. Thus it was n mere tribut c-cullerting inadntiB of 
the Kjimekind as tlie earlier ^^cmpireii*’ of the Near East* No evidence 
exists of any effort on the part of the Shangs to set up a feiid;d, much 
less a bureaucratic* system of governnnuti—forms which sccn!i indeed 
to have been quite la^yond their political eoncepts. 

The Shan g rulers were not emperorfi hut kingn, of m | in mi Live pri^ ly 
type^ though some of them seem to have been great war leaders as well* 
They were regurdiHl by their subjects as intermediaries betwwn man¬ 
kind and the Unseen Powers and as re>qainsibk* for the maintenanee of 
the line covirseof Nriinre thmitgli their ot^n'ance of the proper rituals 

CViEivw Hiaij Oc^ldrntil v^KnlArP (Mcr«« thiLt CliluA'a AlalhHnIlc nail maUtiiJAUi 
OMi joAL begin until tbe nibita evnrar^ U. CL, long aCtoi Stiarir Djruuiijr IiaCI cadh 
t^^n vniL 
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and tabus. Not the reigning king, however, but his deceased ancestors 
were the real power in the state. Their will was ascertained by divina¬ 
tion, and elaborate worship was paid to them. Succession to the 
kingly office was of the fraternal type, from older to younger brother, 
not the Blial one, from father to son, usual in later times. 

HabitatioTis .—Both the rural population and the city poor seem to 
have lived in round pit dwellings like those of their Neolithic ancestors 
already described. The ruling class built large rectangular timbered 
houses of developed type, with roofs supported by rows of wooden 
pillars with stone or bronze bases. (On this type of architecture, 
which has survived in China down to recent times, see pi. 12, fig. 2.) 
These structures, which in some ways recall the megaron house of 
ancient Greece, were sometimes erected on low platforms of rammed 
earth* 

This last-named material was also used for walls about towns and 
enclosures, just as it still is in portions of China. This method of 
erecting walls and platforms is, or once was, common throughout the 
North Temperate Zone of the Old World; in Babylonia, for example, 
it was already at least 2,000 years old when the Shang period opened. 

Dressed stone and brick did not appear in China until many cen¬ 
turies later. Literary references, however, perhaps based on con¬ 
temporary evidence, attribute to the Shangs a varied and developed 
architecture. 

TUlage.—Th% economic foundations of the Shang civilization were 
animal husbandry and especially agriculture. As previously noted, 
the ox-drawn plow was not yet known in China; but tillage was carried 
on by the peasantry, direct descendants of the old Neolithic popula¬ 
tion, with the aid of hoes, mattocks, and apparently foot plows, shod 
with stone or shell. There is also some indication that irrigation was 
already being practiced during Shang times. 

The staple crops were wheat, millet, and perhaps rice. Of these, 
the fii-st originated in western Asia, where it had already been domesti¬ 
cated probably thousands of years before the Shang period began 
Millet was an inheritance in China from Neolithic times, and latei 
on was the only cereal regarded as sacred—itself a sign of a high 
antiquity on account of the workings of religious conservatism. There 
is also some reason to believe that rice was grown. 

Beer was brewed from millet and perhaps from rice, though as to 
the processes employed, we know nothing. No spirits (distiHed liq¬ 
uors) were known m China for something like 2,000 years after the 
Shang period* 

Animal AwSa/Mfry.—Animal husbandry was also economicallv im¬ 
portant. Species both of the wild pony and of the wild ass are known 
from eastern Asia, although neither has ever been domesticated - but 
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evidence of the domestic horse in China in Neolithic times is wanting, 
just as it is, practically, in Europe during the same cultural phase* 
That the Shangs had it, however, there is no doubt; but they did not 
ride it, using it instead to draw their chariots* For in China, as in 
most ancient lands, the horse was driven long before it was ridden* 

Shang inscriptions reveal that cattle were the most important do¬ 
mestic animals. They were offered in saci ifice, their flesh was eaten, 
and their hides made into leather; but milk was not used. Oxen were 
probably employed to draw carts and carry packs. 

Sheep and goats were also kept. They seem, however, not to have 
been derived from native wild forms but from the same western 
ones as the domestic sheep and goats of the Occident, Sheep were 
sacrificed by the Shangs, though not to the same extent as cattle; 
and mutton was an article of diet* Wool, however, was not spun or 
woven, either then or later. 



FiGUKB 5,—CJountry oxcart* a primitive surTival, 


Swine were bred in large numbers; just as in Neolithic times; and 
dogs were both sacrificed and eaten. The domestic fowl was known, 
and appears to have reached China, probably by the Burma Bead 
(see map, fig. 1) from Indo-China, during the ‘^dark age’^ which fol^ 
lowed the Neolithic period, for its remains have not been identified 
from sites of the latter cultural phase in China, 

Trade and transp€^taiion- —Bronze Age civilization always pre¬ 
supposes a considerable amount of trade, both domestic and foreign* 
The northern Chinese plain was, however, deficient in many kinds of 
raw materials, especially metals. And since these played an im¬ 
portant part in the life of the time, they had to be imported from 
other regions, particularly from the Yangtze Valley, then and for 
long afterward not regarded as part of China. 

Some transportation was carried on by water; but mainly it seems 
to have been by land, probably in oxcarts (for a modern but primi¬ 
tive survival, see fig. 5) and on the backs of oxen, for the horse 
seems to have been reserved for the uses of war, the chase, and 
religion. 
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Tlicrc stictu to have boon ovon tijen, jii^t llit>i« Intor on, 
c!»niaHs with Ihe rich Tnetalliferous nylons of the Yangtze Valley, 
just mentioned; and cowries {CyjmmtL mtmHta) and itonea of the 
whale show that the Shangs were in touch, directly or indirectly, 
with the Sea, 'I'hc preseiioe of jade, not known ever to have occurred 
in China [impor, siigi^ts that the Shangs obtained tlmt aulMLanre 
from central Asia, Also, Kiipplira of salt are necesstiiy, for dietetic 
leasoiis, to a people subsisting mainly, as the 8hangs seem to have 
done, on a cereal diet, 

Attcinpis to obtain such raw materials from abroad were, how¬ 
ever, often not true commercial veniiires but great pluitdcring raids; 
undertaken as state snierprises, with reguiar armiiw. The penetm- 
lion of the Yangtze Valley by ia;rlain Shang kings was probably of 
this character. 

Arts ami — Among nrtrt and crafts, bronze working was 

carried to a pitch of technical and CiitheLic eTccllence hardly if ever 
cquateii in later times, in any land. Bronze is an alloy of top[wr and 
other metals, ttsunlly tin and lead. It ja uncertain whether Sliung 
metallurgists knew the two latter as separate nietuis or whether Oiey 
used copper ores containing llu-ni aa im[iuritie 5 . 

Tlie Shaiigs also mat magnificent brcinze ridmi vessels for use in 
aiimstor worship. These vtisselH hpar two stylis of ornnmentation 
which regularly apiiear in combination. Of tiiesc, one was a highly 
conventionalized animal style, the other geonietric in design and 
apparently nkin to the old Kcolithic art of southeastern Asia. Si}mo 
and [H>rhaps all designs weiu i bought to have niagienl power, espe¬ 
cially over Uie weather, most unportutit to a prcdommmilly agricul- 
Lur]il community such as wer« the Shangf^. Tiwro seen'ks nothing to 
suggest that orumentAtion was ever applied for pnrnly decorative 
eiFerte, 

The wants uf Ihe ruling riass were suppJietl by highly skilled 
craftsmen and artisams of many kinds; for Bpecinlization’of tasks 
was already being canied to a high pitch. The needs of the 
iwasantry and of the city [wor probably differed little from those 
of their Neolithic onoestora. 

Pottriy^Thp painted pi^ttory of Kcolitliii- times had practically 
disappeapdd from northern Chinn by Rhang times, most likely during 
that as yet little-knosvn ‘"dark apt” already rneritioned. Tlie cobiw 
gray ware, nlso Xeolithic in origin, continued however under the 
Shangs, an it did in fact all over northern Cldna until well after the 
Christian Era. TIhj ptuter’s wheel was regularly employed hy the 
Shanp potters. 

A limited use was also made of a kind of glaze, which, however, 
disappeaivil with the fall of thi. Shnnga; and when glaze is again 
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fuiiml ill CJiiiia it is Qf nil entirtly difleront type. The Shany jioLters 
ulso made flue white ware, neither glaMsd imr paiutcd but hearing 
incised or imprei^d itii Murface designs identical with thoHc t>a 
the bronze rituitl vessels just mentioned. 

Among nil thejie tyjM*s <jf earthenware there appeared a wide 
vanety of forms, shapes, and sizes, many of tliein being represented 
in bronze also. 

Tiixtihg .—^Both hemp and silk were woven into cloth during 
Shang times. Ilernp, we may note, cHY-upled Uie place in ancient 
China held in the Occident by Has and its derivative, linen. Matting 
and baeketiy were also woven. 

Decorative arts. —Carding, sometimes of very fine quality, was done 
in stone, ivory, and probably wooti, Roth bone and bronze objects 
were inlaid with turquoise or mother-of-pearl. The Shatigii aLso did 
considerable carving of jade, probably then aft later believed to posscEs 

tnngit^l sign ificH new. 

Weapons and hnpteinents. —Tlie weapons used in Rbang times were 
as a rule of bronze. Socketed slH*ars were known, and there were alay 
two distinct types of battle-ases, each with its own method of haftlng. 
Arrow points of bronze, stone, and Ixttio were also used. The bronze 
sword did not ap^jear in Cliiua until very late—not, in fact, until ihe 
Shang period luid closed. 

Keedlea of bronze and of boim are alao known, and knives and cbMa 
were of bronze or Btone. Agricultural tools of bnitize are however 
aimosit entirely lacking; for tlmt nintal was alwaya cosily and was 
pivtlwbly resen-ed almost esclusivoly for purposes of religion, Iniuiy, 
and war. 

Warfare .—^ikmong the caii»iH of war mentioned in the Shang inscrip¬ 
tions are border oral encrouchments on gmaing groun<la. There 
was nUo the recurring need to enforce the authority of the Shang 
king over the subject stiltes that withheld tribute and Bubmbsioti; and 
exiHHiitions were made against non-ChineHe people for plunder and 
captives. 

Annies am recoidcd ds numbering from 8,000 to fi,000 men, and the 
main reliance in fighting was <m the chariot, drawn, just os in the 
ancient Near Eaxt, by two horses yoki'tl—^not hamcsscd—ttbrcast. 
Slaves and captives were emtdoyed as foot soldi cm, aa were also prol)- 
ahly levies of [leasauits. Weapons used by tlie charioteer? were, as far 
as we know, broiito bftttle-ases and spears and the composite bow— 
the latter a wen pun of circumpolar distribution. How t liu fmit eoh! iei? 
ware armed, we do not know. 

//uidtnp.—Hunting played an imjKirtent role during Sbimg times. 
Many proclncta of the cliahc were utilized, os for eaampli' ivory, bidwa, 
horns, and plutncs. Great oi^janizMl battues were periodically held by 
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the kings, riding in chariots just as in the ancient Near East. Their 
motive seems to have been not so much that of mere sport as the duty 
of ridding the land of dangerous and troublesome wild animals and 
of procuring victims for the sacrifices. 

^ong the creatures whose bones have been found in Shang de¬ 
posits are the elephant, the tiger, the bear, the wild boar, deer, hares, 
and, strangely enough, the whale. Shang inscriptions sometimes state 
that elephants have been captured alive, not killed; and there is no 
doubt that the Shangs sometimes tamed these great animals. 

Writing. There is no indication of even the beginnings of writing 
during Chinee Neolithic times, although perhaps quipus (knotted 
cords) or notched sticks may have been used then to aid the memory, 
just as by unlettered people in so many lands. 

The earliest known Chinese writing, already mentioned as occurring 
in surviving Shang inscriptions, dates from around the latter half 
of the second miUennium B. C. Even then, however, it was already 
ighly developed, and must have had a long previous period of evolu¬ 
tion somewhere. It is moreover directly ancestral to the Chinese writ¬ 
ing of the present day (Creel, 1937, pp. 1-16). 

Existmg specimens of these inscriptions, aside from very brief ones 
on bronze v^ls, are incised or scratched on animal bones and shells 
of the tortoise. Shoulder blades of oxen were often used. The in- 
scrip ions that we possess consist largely of oracular inquiries and 
responses,* but it is toown that the Shangs also wrote on wooden 

S IfJ 5°r. > consider. 

pSsh^^ literature may have existed; but if so, it has entirely 

Inscriptions on bone and sheU were incised with a sharp point, per- 

dXh T? not yet known, and L Shangs 

Lo i,wJ enough. Some kind of brush was 

ako used. A few characters thus written on potsherds have been 

?oStkh atusl -- 

Knowledge of writing during the Shang Dynasty was confined to 
a very small class, and the art itself was regarded as having a magical 
and mystenous character. Thus recorders were also divCrr ^ 

Rehgton.~We know something of the Shang pantheon-in nart 

ThrtitlT‘TrSiiiteT*^*?^°°^^ supreme god was Shang Ti. 
n * 1 i ^ dmne being, and was applied by the Shanes 

not only to their highest divinity but also to thfspirits of abased 
royal ancestors. Hence it has been surmised that Shang Ti may h^e 
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Shang Ti waw entreated both for hurvests and for success 

in war* lie was believed to live in the sky, perhaps in the North Star, 
and so was in this sense a sky god; although we have no evidence that 
the Shaugs worshiped the wky lUelL 

The Siiangs also revered many other divitijLiea, often female. 
Among thcnVi according to the inscrlpdonSy were the Eastern Mother, 
the Wt^ti-ni Mother, the Dragon Woman| gotls of die Winds, of 
Rivers, of Earth, and one calleii the Ruler of the (Four?) Quarters. 
This freijuwncy of feinak dmnides is in marked contrai^t Lo the later 
Chinese Bronze Age, and may have bwm duo Lii aboiiginal influence* 
F<ir gotldesaiis play i± gitrat part in the primilive lielii^f^i of eastern 
Asia, the Japanese Sun Godd^^^s being probably tlie best-known 
ampla. 

Of anc^tor worship amoug the Shang^, tlia only direct evidence 
applies to the royal line alone; but there is little doubt that the ruling 
tdflaa in gKiitiml practiced it throughout the original Chinese culture 
area. 

The welfare of the widrits of the dead depended, it was held, on 
tlie isarriRci^ iiffered to them by their living descciidant>E. It was? 
regarded as highly dangarourt, tbereforCi to withhold tlicin and thna 
miiSB the ancestral spirits to anger* The sacriticcs constated of bnth 
human and atiiinal victims (Creel, 1936, pp. 206^216)* Tlie furniBr 
were often *^b&rbnriau’^ {(* e-, non-Chinese) captlv^a of war, taken 
most rref[iiendy fh^ni die Chiangs, a people to dm northwest* Tlia 
Shangs appear in fact to have been in the hahjt of raiding the 
ChiiiTigB for supplies of human victims iii a way that reealb similar 
practices iimongthe Aztecs of ancient Mexico. 

Lastly, wc may note, the Shangs had a of 10 days, used in 

conneotiun with tlieir religions obeerviincea. 

Dkpo^iil of the —During Shang times, iTn[>i>riaiit t>eopie were 

burj^ in great rectangular or cnif'iform pits, together with miicli 
wealth and many human victlins. Mounds were not, hnwever, erected 
over such tornba os yet. 

/Wi of Ihs A later tradition asserts lhat ilie Shang 

Dynasty came to an end during a period of priytrnctcd drought for 
which tilt- j^igning king was lieid responsible through Iiih neglect to 
obeemx the pro|ie*r rites. And quite apart from such superstitious 
waye of diinking, such a long interval of dryness must net^e^wurily 
have led to much BuffHring^ unrest, and di^ctinteiiL. Ibem is also 
some eviiJeiice that the king himself added to this feeling by a de^ 
termined effort to fu^a^arL liiy i>ower over s^ime of Lhe rel>eIljnuH rnWry 
of the suliject city-states that comiaMied the Slmng ''empire*” And, 
worse stUh in this attempt the king appears to have enlisted the 
aid nf certain aljorigiual tribes. 
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The rulers of these city-states were constantly trying to throw off 
the sway of their titular suzerian; and now some of them sought the 
aid of a group called the Chous^ who lived on the northwestern fron¬ 
tiers of China, along the border between what are now the provinces 
of Shensi and Kansu (see map, fig- 21). 

These Chou people had been in contact with the Shangs for several 
generations at least. Wlien we first hear of them they seem to have 
been in process of exchanging a pastoral for an agricultural mode of 
life* In some ways they appear to have been less civilized than the 
Shangs, but to have had a better organization for war and more effec¬ 
tive leadership. In certain particulars their civilization appears to 
have had a closer resemblance to those of the ancient Near East than to 
that of the Shangs. Examples of this are: the us© of a 7-day week 
instead of the one of 10 days employed by the Shangs; possession, by 
the Chou rulers at least, of regular harems, with eunuch attendants, ap¬ 
parently unknown among the Shangs; and succession in the kingly 
line from father to son. Lastly, the bronze sword (Janse, 1930a, 
1925, pp, 127-133), long known in the Occident 
(where in fact it was already being replaced by much more effective 
swords of iron), reached China either with the Chous or early in 
their period. 

The overthrow of the Shangs is not known to us through con¬ 
temporary accounts; but it seems pretty surely to have been the 
result of a concerted attack on them by some of their subject city- 
states together with the Chous* The latter are said to have had with 
theni as subject-allies eight peoples occupying parts of western and 
northwestern China, mainly in the central and upper Yangtze basin 
(Bishop, 1932 c 5 pp, 236 et seq*). ' 

The Shangs collapsed perhaps as much from lack of unity and 
cohesion among the various and heterogeneous elements under their 
rule as from external force. Their conquest by the Chous did not 
however take place as the result of a single battle, as the ‘‘orthodox” 
account states* On the contrary, it required a long time, and was 

not completed for half a century at least after the initial invasion by 
the Chous, ^ 


Perhaps the Shangs were too strong to be wholly crushed by the 
newconiYs; for they were allowed to retain the nuclear part (called 
Sung) of their former territory, as vassals of the Chous. The princes 
of this remnant of the old Shang kingdom, said to have belonged to 
the Shang royal line, were granted the title of hung (duke) which 
no other feudal prince was permitted to hold* 

The historical Chinese civilization that we know had its roots 
firmly implanted in the Bronze Age culture of the Shang period, 
and there has been no serious break with the past until r^ent and 
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even modern times. In this sense, and in this sense only, may we 
speak of the Chinese as ^hmchanging,’* 

THE CHOU DYNASTY 

There are certain slight indications that during the Shang period 
and possibly even earlier, members of the Tibeto Burman linguistic 
stock from the region north of the Tibetan plateau (see map, fig- 1) 
were pushing eastward and southward. With this movement of 
peoples the Cliou invasion seems to have been connected, if indeed 
it was not actually part of it. 

These migrations perhaps account for the appearance of Tibeto- 
Burman peoples in so much of western China, especially in the upper 
Yangtze basin- Be that as it may, at all events there was establisheil 
there, somewhere around a thousand years before our era, a Bronze 
Age civilization in large part associated with them. In estreme west¬ 
ern China the local culture also contained elements from northern 
India, Similarly, culture traits, passing through the region traversed 
by the now famous Burma Road, have gone on diffusing themselves 
from prehistoric times right down to the present day* To take a fairly 
recent example of this, maize or Indian corn, an American plant 
brought by the Portuguese to India during the sixteenth century, lost 
little time reaching China by this route. And the vital importance 
of the Burma Road to China today is well known to all 

Chou origin legendB .—At the time when the Chous first come within 
the purview of history they were, we are told, being puslied steadily 
eastward. Legend also states that they even for a time became guard¬ 
ians of the western frontier for the Shang kings, Tliat the latter ever 
conquered the Chous, we have no evidence; but they evidently attracted 
them strongly into their cultural orbit. 

This outward thrust of the Chous from inner Asia in the direction 
of the coast lands was, it would seem, comparable to contemporary 
movements outward from the steppe regions into western Europe, 
southwestern Asia, and Eg^pt (Latourette, 1934, voL 1, pp- 42-44; 
Creel, 1936, pp* 227-229), 

The chief deity of the Chous, now as later, was a sky god, Tien, be¬ 
lieved to control the weather and whom the Chou royal line claimed 
as its ancestor. For it was from Hou Chi, ‘Trince Millet,” said to have 
been miraculously sprung from Tien and who became God of Agri¬ 
culture under the Chous, that the latter claimed descent* In historical 
times, indeed, we find the Chou kings arrogating to themselves sole 
conduct of the worship of Tien, and also the title of Tien-tzu (Son 
of Heaven)* This appellation remained the common one for the 
Chinese supreme rulers—the individuals whom we term “emperors”— 
down to 1911. 
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Th« Ohawt conquer northern Chino,' —^Thc Chous seem Jong to have 
meditated conttuest of the Shaog kingdom, egainet which ihej are 
said to have made at least one ineffectual attempt before they enibarke^l 
on their final venture.^ They and tlieir allies are said to have de¬ 
feated tile Shangs in the region of the Shang capital, which tveent 
archeological excavation showa they then savagely sacked and 
destniyed^ 

The Chous then conquered much of tiortheni China, where they 
establiiihed their power far more firmly than the Shanga Imd ever done, 
(On the Sbsng and Chou culture areas, sea map, fig, C,) The task 


FiGtifti a—Shang (l» blficlc) and Chen (cram-hatched) cnitura areas, sbowlng 
MnthwaTit exteiislim at the latter. 


seems to have required something like half a century, and a passage in 
Mencius tells us that they subdued 50 statea. Over these they then 
set up a feudal kingdom of primitive type but still fonning a great 
step m ftdvancB over anything in the way of a pulilioal organization 
that the Shongs Imd undertaken. 

However, the Chous failed to subdue the aboriginal tmpiilations of 
the northern coost lands, and these long remained ijidepcndent <ir at 
most became tribute payers. Tlieir thorough assimilation into the 
Chinese political body wuh not occompliahed until many centuries 
later. 


♦Tb* tmilltloul date of IJ22 D. C. for tb« Chou ennnuHt I* . • •. 

Oteat of o cnutar,. Oa ittU Oolbt. iM Ulohop. ^ 
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The Chuit conquest of northern Chinn marked an unporhuit epoch 
in the history of cmlizntion iti the Far for as a result of it, 
many Shang refugees seem to have carried their own higher culture 
to various outlying regions hitherto burbanius. Such a process has, 
in fact, always been one of the wayn in which cultural advances have 
taken place in the Par East just as every where ebe< Further, the 
Chou period was the one in which the Chinese people giaduolly de¬ 
veloped a cotuwiousnesa of cuitural unity. 

NatuPA of fAo f7Ao» ^n'n^<f<MfU“The earlier Chon kings, io organizing 
their feudal kingdom, are said to have divided it for administrative 
purposes into 9 (sometimes given as 12) chou or circuits. Over these 
they placed super! uteinlents (significantly called mu, bullock drivers) 
to collect tribute 

Politically, the kingdom ig said to have contained at first 1,B(K) fiefs, 
many of them grouped into large territorial units granted to the con¬ 
quering Chou king's relatives and allies. Tho old city-atateg did not, 
however, entirely disappear; in certato inatances, indeed, they retained 
Uieir idejitity for long periods. 

By the eighth century B. C, the Yellow River baain (essentially tho 
Chou kingdom, though the latter seema to have embraced ertensions 
outside of it, particularly on tho south; see fig. 6), had about 100 fiefs; 
but in tim e even this number was otill furtlier reduced. Finally, to¬ 
ward the end of the dynasty only 7 large states were left. 

For some three centuries after their comiuest of the Shangs, the 
Chou kings remained in their old aeata In the wesL They were at 
first rulers of the war-1 end ev type; but they also took over the aacardotol 
functions of their predecessors the Shang kings. As high priests of 
tlifi kingdom, their persons were aacrecl, itnd they were the fountnin- 
hcada of all legitimate authority. Their royal symbol was the battl«-aj£. 

The early Chou kings pushed tlwir conquests (at leant temporarily) 
into the Yanglae boatn, and perhaps alao toward the northwest. But 
at length their power d'lvindled. In the eighth century B. C. the 
Cbou line was driven eastward by renewed attacks from the west, 
and cstoblishcd itself in northern Honan. (Sec map, fig-SI)- It thus 
lost the territorial hatia of its power, and its scions gradually sank to 
the posit] ou of mere political figure I lead a. But for several centurica 
longer they retained their pricslly functions ond remained the sources 
of Icgitiiiutcy, 

Sodol ffppanisitiiont’ —Society was divided during moat of the Chuu 
period (we know little of its earlier portion) into two classes, a smell 
one of nobles, wlici held all the land and oJfices, and a large one of coro- 
inoners—-peasant-serfs, ortiiMins, tradeiij, and slaves—who pcrfornied 
the talxir. 

The nobles were grouped in 90 or fewer ancestor-worshiping cl^s. 
Li the “Spring and Autumn Annale ” for ciamplc, 124 feudal states 
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flne mentioned but only 22 cLunif. Brnnehes of the latter were loested 
in vai-iuiiB imriw of the country, often widely si'imrated from one an* 
other. 

TiiH hmifi of each cliui was tiuBti-e for its land (which was thus not 
his own personal projjerty, to do with ns he liked); and he also con¬ 
ducted the clan worship. The Iieiid nf the ruling clan of a Hiutci wcir- 
shiped his own uriLi^itors and also the pat run divinities of his state. 
For no SHi>arftte priestly class eiiBtnd in ancient China. 

Nobles were subject, only to their own hhIpj not to the laws g'^rn- 
iiig tJie lower classes, Ivjiowledge of thew liiwg the iiobloa a great 
advoiiijigp, and they obi«ied strongly to their being reduced to writing. 
They also practiced polygamy, though custom strictly forlmde their 
taking wives or even conenhinos of the same clan as their own, no 
matter liow remote the kinship might be m reality. Headship of 
the ckn pawsed in the male line, n-nirtlly to the eldest son of the princi¬ 
pal wife; though in tiiis respect usage' was not fixed. Tlie la iter fact 
often caused great trouble, through disputed inheritances. Koble- 
women could not Imid land or snnrewl to headship nilher of a cion 
or of u state, Henco inheritance of these privileges in the fenjale line 
was impossible. 


^ Of the pleiieian clofis. cm I he other hand, we know little; for cjirly 
Chinese writers did nut concern themselves wiQi the masses. We may 
say however that the vast bulk of the populm ion consisted of peasants in 
a Blnte of serfdom. pricticttUy at the mercy of their lords. These 
ijeasant-serfa may hav^o been grouped in matrilincnl chins: and they 
prul^bly retained luuch-as indeed Cliineso peasants still di^f the 
old AeolHhie cullure of their remote foivliears. They ^eem to have 
ived II. rnnd hamlct.s, nr.d to have had little cuntoct with the urban 
I.fe of the uob^ty. Tlieso little pem^nt hamlets were on^nized com¬ 
munally and I heir inhabilants did their field Work in comnion. Stone, 

sliell, and w ood con UiiTicd to be used for agri.'ul (ura I iiii id cm ents The 

ox-dinwn pl<^ was not yel known in China, its place being taken by 
riMjt plows used by men working in pjiirs. 

Serfs were bound to the cstuies on which they ware bom, and efforts 
were made by their IoimIk to keep them from shifting their villutE.-H 
about, iu old .N^litlnc foshion; for it was tlm labor ofX peasants that, 
gave vahiH In the hind, and there, was a great demand for workers. It 
^IK a crime to en1 ice them away, and runaways; could ho 

reclaimed. There are indications, too. that, the feudal lords dreaded 
uprisings among their peasaiit«, and it was a capital offenso to aixmse 
aiGConti^t or iirnor!/; them, 

Tl» l,,s.nts tilioi 111. LmJ hut di,l „ot ui,,, It, .jLhou* pl„i» uf 
(-round on which lu |-r.,iv food for thcmsclvts mij their tiuidliH were 
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periudirally a»)igiied to tlieni, on whicli*, however, they had to pay 
tithes. They had also to [wrfnrm other work, ench »s diirhiiig and 
draining; and tliry hud likewise to follow their lords in the frequent 
wars, botit public and private. 

Tlin iferfa on an estate were supervised by n land steward or bailiff 
appointed by the lord^ and who among other duties exerrised <M)titniI 

ovi^r 

At tho botiom of the srieipil !™1rj in Clioii ( ime^ as lattir, was ei tint vp.ry 
Jarge tljLSs of recruited paiily from criminals and captives of 

irar. Thes^e were nnt attAched Jo the mih like the serfs, but wen* 
bouglit and sold in tho market place witii doniKlic cmimals. 

Kcon-oTn-i^ d^velopmentu —During much of the t'hou ]>criod trade was 
by barter, and taxes and tribute vvero levied in kind. Cowry shells wens, 
however, luglily prized, lioth for their Eft:arrily value and becauso of 
tlieir raUginiLq luid inagicitl as^iotions (which swm to have existed 
in many other lands also), Tlie only iMisis of wealth, huweverj waa 
lanfl —pasture, fi>i*e>its, salt intirshes, and mines—which could 
only be hcUL whether in absolute ownership or as fipfs, by clarLS of 
iiihlRs* Pielieiaii-s wi-irfi tlnia barred from obtaining wealth and 
consequent power. 

Later, however, iherfl occurrt-d a gnuluai but great economic evolu¬ 
tion* No coined money yet existed; but there ratui< ta ba ujsttl in jt3 
place as units of exclmuge rnUs of eilk and fixed quantities of grain. 
Wc have no evidence that oxen or sharp were ever so used in ancient 
China, os they were in. the west* 

Trttile &jid ti^^i^^porlalfOTt -—IVaiiej both domestic and foreign (i* e.j 
mainly with the Ynugixx^ Valley, not then refmrded ns a part of China) 
was active* and was partly in the form of Htate an tor prises and partly 
in the hands of traders, who lun! however to pay heavy imposts. 

No understanding of the true function of trade, as a fonn of wealth 
pfixlnotion, seems ever to have nriMpn i^i ancient China* where the 
nobles (ittfipiKi-cl it mid regarded traders with contempt. Hnnce riim- 
marcc was tolerated merely* not actively enoonraged. There are some 
indications however that it was more highly esteemed in the greal 
Yangtaje Valley ittatcs, and that tliey knew Ijettcr hnw to make it con¬ 
tribute to building up their strength than did those of the morft punsly 
Chinese iioitli. 

ThiH earlier dependence on a nahual economy and eispecinlly on 
Uxes levied in grain rendered tinnsportatSon of itwenue from dbtant 
districts to the royal capital a dUBciilt maLter, ond added greatly 
to the dix’entrnlixntion characteristic of tho time, 

RyM around the nsifldlc nf the Oioii periwi I he idea arowe of east¬ 
ing—not striking—metallic token money, ur in other words a coinage. 
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This practice scetna t<j have originated m tiortheaatem China. At 
first it took the form of miniature modeia of domestic utcnsilfr—knivesj 
spades, and hoe«—cast in copper. ^Sea fig. 7.) This innovotion 
fundamentallj altered the basis of wealthy end for the first time per¬ 
mitted its accumulation in a form other than tlmt of land. It thus 
deprived the nobles of that miimipoly of the power and prestige that 
accompany riches, and played an important—perhaps oven the de¬ 
cisive—part in undermining the old feudal ^siem and causing its 
disin^ration and ultimate downfali. 

This process became accelerated toward the end of the Chou period, 
and was of course accompanied by tlie di^^appen ranee of many of the 



Fmirix 7, dAjirliiiii Chinese tMlfun money nf mppCr. 


liamcB tL.l M fomurly a,i„rotcd cliffemil of 

Tr«™ (].«, hmwr ,1.11 Birtjv. io both th. Coofuciou ud the 
Taoist behefs and practices, es We shall see in a motiient 

^er.fteofShQi^rt,M.«,,U4ppi,.,,„„«t«TOa«ilbiticn-«oedfoMe, 

to thosa which fiounshed under the Chous. 

mile few actual rema^ of Urn techni<-at skill and esthetic talent 
of the Chous have come down to us aside from their work in bronze 

high mdcod. The subject w, iiowever, too vast a one to receive datailS 
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tnatmeot hiire. Fortunately there is no lack of Rxcellent aint author- 
itatiTe books on TariouB aspects of this fascinating subject, and to these 
the student may turn for further information. 


Fiavnc fi.—Cbou Dynustj muiuler of tminise. 


Futnu; D*—AncLrat CTblum bronic Chan pfirlmL 


BabitaiieTiJK —The Chon noblea and thdr dependents Hr ad in towns 
protected by rectangular romporte of poutuled earth pcovidcd with 
gates ftanked by wooden towers. (See fig, 11.) In the center stood 
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the palace enclusure of the local feudal loi-c] (or id the capital of a 
fitfttis, that of its ruler), )Ji{;ludin^ his ancestral temple and the “altar” 
(a mere mound of earth) of the She or thid of the Soil of the repon. 
Every town had just ncuih of it a nuirket from which the lord 



FJof at 10, IJd f/t Chon breiiH} tub# with bird 



Frairws n.— Tile tuixte] ol anclnbi Cblonte city pile. 


drew additional revenue through a aalis, toi. (For a plan of tho 
ruim of such a town, of the Chou period, see {jg 22 ) 

Tl. .nctar. . whouj'fw u* ^ „£ 

III. uusbt l»,nir .he nte, (i.,, prooHlur. d» .11 

KMM. rd.g..u. «, »ell „ 









FAR EASTFRiN ClVlUZATlONS—^^BIEHOP 


493 



and the islnrids oS the coast. 

werK c^f Lijuber, pi 1 Lam] (s^e pi. 1% li^, 2), (^rvi!d^ ntid 
painted (or laqoercd), red beiiig n favarite color, regarded as lucky- 
On tliH plftjfti*re<l walls ^aeriUtH] paihiingH i>f viiricnis auspicious 
crenturcSr such os the tigor and dragon. Pkastire towers^ summer 
tiMiiHi^^ and gardens are aleo mentioned. The upturned roof cor* 
ners, regarded in the C>ccii]ciiL a.s so tjpic&Ily Chinc^^, did not appear 


I /bffMtfi 
\ (fk/AffTfft? 






jOirr-M UAT£ 


Ruins 

Capital OF Ch^u 

IZ—RnUtn af Ylng, Anerlent capllal of (H'il on tlic YiingiU&e gJTCr» 


reckoning, and writing. Rereri^na: to superiors or diTliiities was 
shown hy iMiwIiig, kneeling, or pmstiiition, ns in the Occident, not by 
Hquntting as among the peasants and the peopleK of soutlieastem Asia 


in China until long after the beginning of the Christian Era; during 
t'Jiou times Cliinese roo& had straight lines, as in the west. 

t7oafttwnf.—Costume, of course, varied acconling to rank, social 
position, and wealth, and i>rolmbly, too, fniin state to state, lltat of 
the nobies whs in general of silk, and was long and Sowing, as in the 
Near East. Furs and feather capes were worn, particularly in cold 
weather. Embroidery and fine needlework were highly regarded, 
and bright cotors eist4!emMl. Shoes, at least among tho weil-tiwln^ 
wore often ornamented with jade. 

iVmnrrs and cK*tamit,—The rank of a noble was indicated espe¬ 
cially by his beadgt^ar. This, on attainment of hts majority by a 
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patrician youth, was conferred on him with much ceremony in his 
ancestral temple. The token of a young noblewoman^s reaching 
marriageable age was the assumption of a hairpin, similiarly 
bestowed. 

Shoes were removed on entering a house; and batliing seems to 
have been customary, at least among the nobles. Chairs and tables 
had not yet been introduced; hence people sat cross-legged on the 
floor or knelt on mats or cushions, and food was served on low stands. 

Food and drinJc ,—Generally speaking, the basis of diet among all 
classes, nobles and commoners alike, was one of cereals—millet, 
wheat, and rice, Kobles, however, in contradistinction to the peas- 
antry, were also great eaters of meat, especially beef, mutton, and 

game, and of fish. And, just as today, there was a great variety of 
sauces. 


Dishes were of earthenware, wood, and bamboo- Glazed pottery 
disappeared with the fall of the Shangs, and true porcelain was still 
far in the future. Chopsticks were a late invention, and whether 
they had yet appeared during the Chou period we do not know; they 
are mentioned even as far back as late Sbang times, but tliis may be 
an anachronism. 


The diet of the peasants was mainly millet, just as it is today in 
northern China. Their flesh food was chiefly dog, pig, and fowl— 
the latter apparently more highly esteemed than duck. 

All classy were given to drinking, usually done in connection with 
some religious or other ceremonial occasion; and beverages were 
various Hnds of beer, brewed from millet or rice. The ancient 
Chinese, like the peoples of the west, early learned, empirically, that 
water was unsafe to drink on account of risk from typhoid; and tea 
was as yet unknown. As among many peoples, including ourselves 
not so many centuries ago, drinking vessels were often horns; those of 
the wild ox were especially prized by the ancient Chinese, perhaps 
on account of their capacity. 

Law.~As we have already remarked, the nobles had their own codes 

4 .TXnmoreover, until long after the beginning 
of the Ml historical period, sole repositories of the regulations gov¬ 
erning their peasants. These were committed to memory, not put in 
writing, and this of course gave the nobles a great advantage. Hence 
the latter vigorously opposed the issuance of written codes, which 
in fact did not appear in the various states until around the middle of 
he first millennium B. C. In the Near East advanced codes of laws 
had appeared 2,000 years earlier. 

Witchcraft was much feared, by high as well as low, and penalties 
against It were severe. In general, execution of the laws was harah, 
and included such punishments as boiling alive, tearing asunder, de- 
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capitation, and mutilation of various kinds. In addition to the regu¬ 
lations imposed on them by their lords, the peasantry also observed 
the ancient local customs of each re^on; but just what these were, 
we have only incidental knowledge. 

"Warfare .—The Chou period, like that of Bronze Age civilizations 
everywhere, was one of constant war. With the weakening of the 
royal power, especially after the Chou kings were driven eastward 
just after 770 B. C., the more powerful feudal states began a process 
of absorption of their weaker neighbors and of the neighboring non- 
Chinese peoples which led finally to only seven gi'eat kingdoms being 
left. 

In theory, wars were undertaken to punish and coerce those, whether 
Chinese or “barbarian,” who refused to acknowledge obedience to the 
Son of Heaven; but in reality they were waged for purposes of ag¬ 
grandizement. The third quarter roughly of the first millennium 
B. C. came, in fact, to be known as the Age of the Contending States 
(Latourette, 1934, vol. 1, pp. 251-256). 



FiGUBE 13.—Ancient Chinese snaffle bits of bronze. 

The feudal lords also carried on private wars with their neighbors, 
even of the same state. Rulers, however, constantly tried to put down 
this practice, productive as it was of so much disorder and misery. 

There has been at no time in Chinese history a special military class, 
comparable, for instance with the Japanese samurai. AU Chinese 
nobles, however, were supposed to be warriors. The title of a minister 
of war, Ssu-ma, meant Master of the Horse, and reflected the great 
importance of the horse in war. 

Armies were composed of two main classes of troops, chariotry and 
foot. The former, composed of nobles, was called sAiA, while the latter, 
a rabble of levies of peasant-serfs, was called lii. Hence an armed force 
as a whole was known as a sAiA-Zw. In theory each feudal lord’s chariot 
was accompanied by from 75 to 100 of his peasants, on foot, but in 
reality the proportion of foot soldiers attached to each chariot rarely 
exceeded 60. Cavalry did not form an element in Chinese armies 
until near the close of the Chou period, and chariots continued to be 
the main arm until about the third century B. C., after which they 
ceased to be mentioned as being employed in war. (For ancient Cliinese 
Bronze Age bits, see fig. 18.) 
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ChinfiM ftriulw in Chou times were dkidcd into Bti udvatire guard, 
a center, ri|{ht and left wings, unci a rear guard. Provisdons wc:n’ 
fjirriiul in oxcarts and on pack oxcn, and corns!stid largely of dried 
flesh (often that of wild giiine) and of grain. Armies then, however, 
just as elsewhere, eked out their supplies by foraging and pillage. 
The enormous jiuinbers soniedmes attributed to anrieut Chinese armies 
by old writers are evident exaggerations; for it would have been, an 
a simple ealeulation will show, impossible to maintain them in the field 
under the conditions of transport that then previiiled. 

AteiAodji of oomia/.^Each chariot carried three men clad in hide 
urmot^-H driver, an arclier, and a spearman. How the infantry were 
armed<therv ant no clear Indications, although they seem not a role 
to have carried niissilu weapons such as hows and arrows or slings. 



riooEc J4.-OiiDMe aiuuiucd urctor. frou, dt-alCT ou tile; lulu flri.t millenniuni 

W. C. 


Chanots (see pi. 3, fig. 2 for what seems to have been an antler cbeek- 
pjaoe of n Chinese Dronw Age bit) did not generally %ht in niasW 
formation hut smgly, each accompanied by its supporting contingent 
of foot. Every noblo Iwre his own standard, by whidi he might be 
i^ogniZKd 111 batfle; and niibfe as a class deuioed it derogatory to 
hght on foot, “like iwasant6.»- Tlwre are indications, however, that 
the practice whs growing more usual toward the end of the Chin, period. 

Armies were accompanied on campaign^ by special sacred chariots 
Wring the tablets (perhaps originally images) of the Sh5 or Go^l of 
the 8oil of the state and also of the chief ancestor of ita ruler- these 
tablets were supimsed to extend their aid in battle, much like the Ark 
of the Covenant among the ancient T»raelitc«. Omens were taken lie- 
fore an action; and tile sipml fnr advanre was given on a drum, that 
for retreat on a gung, both msti-mnents bonie on the chariot of the 


tr«)i» oy giving uin impreasion that the leader had ^n either Ilain 
or made a prisoner by the enemy. Tnimpets were not used in war. 


Gelation of these sounds waa apt to caiusc ii panic among the 
by giving dm inipreHsum that the leader had h«.n 
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Print:iplef! of «ti*at(‘gY wi'tw wt«1l unf{<?njtrxKl and nppHed, but tactics 
wcro undeveloped. According to our ovidenco, battles were eoufusiHl 
[ilF)iir>, with no at tempt at maneiivenng. Various simple strfttegems 
were, however, employed,especially feignetl flights, metmt to thniiv thn 
foe olf hie guanl. Attacks were affually directed against the weakest 
part of tlm hostila line, ami particular cfTorts were made to kill or 
capture the enemy commander or i^izc his standard. 

Ill the Orculent, mounted troops and iron weapons began to appear 
toward tho end of the second milJeniiiiini B. C., but in China not 
until arotind liflO years or so later. The idea of riding almost certainly 
came to the latter country, as it may already have done in the west 
also, aa u culture loan from the nomad peoples of the ^eppe belt 
of inner Asia. For example, there »n‘ imlications that the weslcru 
“harbarians,’’ who around 770 B. C. expelled the Chous from their 



FiQUEfc 15 ,—Ora^ii IkuiL fi'ftm a pboJftgtrtHli, 


old Kifiits in Shenri Awd dro^’e them ^^astward, were already in pos- 
J^ession uf nicHintf^l t roaps* 

The earlie^tt Chinese euvalry scMi to hare been light lancers riding 
hnrebiiek and employed for ficoutin^, skirmishing, nnd foraging, not 
in battle. Arcitjnd 3ftl1 Tk (J,, however, the north western Chinese 
states adopted the use of horse archers from their steppe neighbors. 
(See fig, t4,) Such tnmpK were far rrnire fonindahle than i^harhitrj', 
on areount of tbeir mobility and s|>ee<l, and soon finpplatited the use 
<if chariots in war. They thus contributed to the downfall of the 
already crumbling feudal system by depriving the Chinew nobleOi 
prominently diarioteere, of much of Iheir [ires^tigii in wav. 

In the Yangtze basin and n!ong the s^ourhem Chinese coas^, wars 
were often waged in fleets of large diignut ennopF, aTicestors of the 
later dragon IxoitF (!!?ee Sg* l.*i); for io that region cliariotry ^eeriis 
to have been unknown until inirodiicisd by Cliinese refugees from the 
Jiorth,, wbilp the great rivers provided jihundiLncK nf waterways. 

Armor amt irrapi^n^i, —The rinblt^, fighting, as ha^ already laaen 
«aid, fixmi chariots, wore hide armor, with helmets of leather or 
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copper {pcrbaps of bronze). SliieUls, of Iratherj wood, or wicker, 
vrara ftl^o usfed ^Laufer, 1914, passim). Tlie infantry too may have 
earned shields; but in other re»pecte their costume m war was prob¬ 
ably ainiply what they wore in peace. Of their weapons we know 
almost nothing, though in sonie instances they seem to have borne 
dagger-axes. (Sw fig. 16.) 

Missile weapons were the Imw and arrow and the sling. The for¬ 
mer waa of the ccmpomid type, of w(kx 1, horn, and dnew, end in 
time become the especially characteristic arm of the st«p;)e nemnds; 
the famous Turkish how js probably the beat-known example. Arrow 



FwTniB 10.—Aiirlcat Ch1n(«e dneser-uxes of broDst 


points were of briinxe, often with three edges. Crossbows were 
inaitiTy used from chariots and in defending or attacking fortified 
places. That spears and javelins were ever hurled, there ia nothing 
to mdicate. ^ 

Hand wcapoufi included different kinds of faattlo-aies the dag- 
ger-ax especially being often mentioned; mid there werj difforotit 
types of bronsw spears. (See pL 10.) The bronze sword, as a trendy 
noted, appears late in China; and when it does so, it is in an unde- 
vdoped Altaic form, tierljaps a culture loon from steppe regions. 
(S^C iTe) 

Standards were of silk, yaks’ tails, and tufts of feathe™, Forms 
of these have survived m parts of eastern Asia until very recently. 
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1q general, siegecnift M'ah whII understood, and cities were taken 
in various ways—^by surpriso attacks, stonut or building around 
them walls of circuinvallation and starring them out. Or their ram* 



FisiruE 17.—CblUMD bruuw? ■vrorcb. 


parts, of rammed earth, might be breached by diverting rivers 
against them, or by tunneling under them and then setting on {in» 
timber props supporting the roof of the mine and thus causing 
its collapse. The latter method was also employed in the Occident, 
where it scams to have appeared ratlier earlier. 
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Blood feuds ,—In addition to waging private wars, already men¬ 
tioned, the Chou Dynasty nobles, turbulent, aggressive, and given to 
fighting, regarded the relentless prosecution of blood feuds as a 
sacred duty. This custom the rulers of states found it exceedingly 
hard to abolish, in spite of the disorders to which it gave rise, 

' Socicd effects of war ,—Tliis constant warfare naturally produced in 
time important social consequences. For example, as improved 
methods of fighting appeared, the exclusive place in war held by the 
Chou nobles could no longer be maintained, and social barriers were 
broken down. Various classes of plebeians were rewarded for courage 
or loyalty in war by being elevated to higher positions than any to 
which they might have aspired before. Thus peasants and members 
of the artisan class might be ennobled (i. e., become landlords and 
hence feudal vassals). Slaves were similarly rewarded by being 
granted freedom* 

Humting, —Originally, as we have already noted of the Shang period, 
it was the duty of Chinese nobles to rid the land of dangerous or 
troublesome wild beasts \ but in Chou times the sport motive seems to 
have predominated. 

For this purpose the Chou kings and nobles held great seasonal hunts, 
conducted on a large scale. These were carried on in chariots, just as 
in the ancient Near East, with the aid of large armies of peasant 
beaters on foot. Such hunts served as training and preparation for 
war, and they also sometimes masked surprise attacks on unsuspecting 
states. Game laws were very strict, it being for instance as great a 
crime to kill a deer as to murder a man. 

As the country grew more settled, however, and game scarcer, 
rulers and powerful nobles enclosed private hunting parks, just as 
did, for example, the ancient Persians. Prohibitions against killing 
game or even gathering wood in these parks were among the chief 
grievances of the peasantry, who regarded them as a great hardship. 

Peasant religion during the Chou period seems to have 
been derived from the old Neolithic fertility cults, and was marked by 
much witchcraft, magic, and even human sacrifice, though the latter 
practice was opposed by the lords, probably on economic rather than 
humanitarian grounds, and eventually disappeared. 

Toward the close of the Chou period feudalism declined, its decay 
not unnaturally going hand in hand with a recrudescence of the old 
popular religion. At the same time, too, the masses seem to have 
adopted elements from the ancestor worship of the nobles. In this 
way gradually evolved the Chinese cult of ancestors of later and 
modem times. 

Among the nobles, on the other hand, a quite different religion pre¬ 
vailed. In this, the chief god, Pien, was regarded both as the ultimate 
ancestor of the royal line and also as a sky god. 
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Fairly early in the Chou period a tendency arose to identify T‘ien 
with Shang Ti, chief god of the Shiings. TMs confusion was appar¬ 
ently facilitated by the fact that both divinities were sky gods, just as 
were the Greek Zeus and the Roman Jupiter, also eventually identified. 

The Chous also had a Goddess of Earth, Ti, a kind of consort of 
T‘ien (Bishop, IdSSc, pp. 29-31); thus the Confucian “Classics” tell 
us that “T‘ien and Ti are the father and mother of all things living.” ® 
In the religion of the Chous, in marked contrast to that of the Shangs, 
goddesses seem to have played a very minor part. They are found 
more particularly among the coastal populations, not yet fully Chinese, 
and also among the insular and other peripheral peoples of eastern 
Asia. 

The Chou pantheon, which we know only in late form, comprised, 
in addition to the gods brought with them by the Chou and including 
of couiBe the royal ancestors, other divinities, some of them taken 
over from the Shangs and perhaps'also from the aboriginal peoples 
of eastern Asia. Thus there were local gods (not goddesses) of the 
soil, the She, already mentioned (Bishop, 1933c, pp. 32-34); these we 
know existed at least as far back as Shang times, and theirs was a 
primitive concept wdth many archaic features. There was also a Rain 
God in the form of a frog. 

The dragon was regarded, if not actually as a divinity, at least as 
a supernatural being, benevolent in nature—not, as in Europe, malefi¬ 
cent. The original of this concept dates back at least to Shang 
times, and seems to have been founded in part on the Chinese alligator, 
regarded as a rain bringer, and therefore as a friend of man. 

But the real basis of aristocratic religion under the Chous, as most 
probably under their predecessors the Shangs, was the cult of an¬ 
cestors, Wliether the Chous were ancestor worshipers before their 
conquest of the Shangs is unknown; but after that event the deceased 
forbears of their kings became the patron divinities of their kingdom. 
Hou Chi, “Prince Millet,” was at once an ancestor of the Chou royal 
line and also its official God of Agriculture (Bishop, 1933c, pp. 37 et 
seq). 

Souls of nobles after death became Shm ; those of plebeians, kuei. 
The latter term was also applied to the gods, demons, and ghosts of 
non-Cliinese peoples. 

There is little to indicate that divinities in Chou times were regarded 
as having human form, or even of their being represented by images. 
Rather, they seem to have been indicated by symbols. That of T*ien, 
for example, was a circle or disk; tluit of Earth, a square. This sym¬ 
bolism persisted, officially at least, down to very recent times. 

In general, ancient Chinese divinities and supernatural beings were 


■ The notion of marrlai^e between Sky ntnl Earth is a very common and widespread one. 
560766—14-33 
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usually regarded as having grotesque and composite forms, and thus 
belong to a stage of religious throiight corresponding roughly to that 
of the old Egyptian “beast gods,” familiar to most of us. Thus Ho Po 
(“Count of the Ho”), God of the Huang Ho or Yellow River, had a 
human face and the body of a fish. Shen-nung, God of Agriculture 
in the Yangtze basin and who in noi-thern China supplanted Hou Chi 
in the same capacity toward the close of Chou times, had a human 
body and the head of a bull. Beings with the bodies of birds and 
human faces or with the bodies of serpents and human heads, as well 
as many others of similar composite form, also occur in the old writ¬ 
ings. 

Among the natural objects woi’shiped were mountains, rivers, springs 
(see pi. 9, fig. 1), rocks, and trees. Thus, “famous mountains and great 
rivers” are often mentioned as worshiped by the feudal princes. This 
was undoubtedly a very primitive survival; for such objects have been 
venerated in many countries from remote prehistoric times. 

The sacrifices that accompanied worship in the Chou period were 
similar to those of the Shangs, but with certain progressive modifica¬ 
tions. Among the victims offered were cattle, swine, sheep, and dogs. 
Horses were also sacrificed, especially to the Chou God of War. 
Human sacrihces, common in Shang times, w'ere still occasionally 
offered by the Chous; but this practice became rarer as time went on, 
and at length disappeared almost entirely. 

As in most lands at certain stages of religious development, the will 
of gods and ancestors was sought before embarking on any enterprise 
of importance. In the official religion this was most usually donf 
with the aid of the shell of the tortoise; hence “to consult the tortoise” 
came to mean to inquire about the future. Omens were also drawn 
from various natural phenomena, such as dreams or the flight of birds. 
The howling of ghosts and the hooting of owls were portents of evil. 

With the decline in power of the Chou royal line and the decay of the 
old aristocratic religion, popular concepts once more rose to the sur¬ 
face. During this period also the religious ideas of the northern 
Chinese were influenced and modified by others traceable to the Yang¬ 
tze basin. Instances of this are the displacing by Shen-nung (the 
“Divine Husbandman”) of Hou Chi as God of Agriculture in northern 
China, and the extension to the latter region of the dragon concept 
pretty surely of southern origin, ^ 

We may note in this connection that many of the elements of the 
ancient Chinese religious beliefs and practices had a far wider range 
than China proper. Some of them point to western Asia and even to 
eastern Europe. In the main, however, they belong to that body of 
religious ideas and customs that pervaded southeastern Asia and cer- 
tam adjacent island groups from times probably before the appear¬ 
ance of a Bronze Age civilization in northern China. 
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Exaiiiplea of these luttcf traits are; the dra|ion-boat festival, espe¬ 
cially cherncterietic of sn'ithsrn Chins bvit estetifling over a TFide flrwt 
oiitsiiie Cliiiifi itweif (Bishop, 193iib, pp. 415-^^)i the tug-of-war; 
cert^monisl avringing: and the ritual bullfight (Biwhnp, llSfi)—all of 
them pracLices apparently connected with the promotion of fertility. 

Later Chinese religion was only in part an outgrow th of Ltie beliefs 
that prevailed during Chou times. For the eventual disappearance 
f>f the feudal aysteni with its aristocratic ancestor worHhi[» i:aiiacti the 
destruction of the latter in its old fonn find it« ritloption, with certain 
important modifications, by the Chinese people in general Tnices of 
the old iiristocratic religion may, however, be seen even today in the 
Confucian system (for the temple to Confucius at his birthplace see 
pi 12, fig, 1); and many of the ancient beliefs of the masses, among 
them probably survivals from Neolitliic timea, still appear in modem 
Taoism. 

For Cfjnfuciiis (351-478 B. C.) was himself a niemher of tlic Chou 
nobility (though claiming desrent from Shang times), a loyal subject 
of his feudal prSnro and of the Chou king, and a fnithfnl follower 
of the code of conduct of his own jsooial cki^. (Sec pi. 9, fig. 2 for 
the tomb of Confucius.) During several centiiries after hia doath, 
however, his teachings eserted little influence; and it was not until 
the founding of the Hon Dynasty (ca. 200 B. C.) that the autlioritiffi, 
realising the importance of ConfuciaoiBm as an instrument of state¬ 
craft and a means of controlling the imtiple, began to vc it recognition 
and encouragement. 

On the other hand, the ancient Chinese popular beliefs and practices 
tended more and moro t« associate themselves with tha doctrines of 
LaotKe (tniditionul date of birth 604 R. C.). That philosopher, of 
whose teachings tlie later Taolat system is in part the pnaluct, voiced 
llie resentment of Llm mosses against the arrogance, tyranny, and 
bloodshed of tho feudal princes. His views were essentially d^io- 
cratic, and denied the value of petty human dirtinet)on» and ambitions. 
Hence the very ancient hut long-submergetl beliefs of the lower classes 
have naturally tended to crystallize about his teachings. 

Later, during tlie early centuries nf tha Cliristion Era, Chinese 
religious ideas, together w'ith other cultural features, spread over a 
largo part of the Far East. Notably wiik this the case with Tmlo- 
China, Korea, and Japan. Manchuria, Mongolios Tibet—regions 
no farther away get'igraphicaU 3 '‘ but with different types of culture 
patterns—were less intimately affected. 

Music played a part of great imporianro during the Chou 
period in all ceremonial life, on religious occasions as well as at 
banquets, archery contests, and the like. It had especially religious 
and magical connotations, and correct tunes were supposed to frighten 
away evil siilrits and summon beneficent ones, including those of the 
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ancestors when these were to receive worsliip. Musical instruments 
were drums and bronze bells (see fig. 9); flutes, single and double; 
whistles; and sets of musical stones. Simple stringed instruments 
seem also to have been used (Creel, 1936, pp. 330 et seq.). 

I I 

! 6 : 



Scaie:2000Feei 

Figube la— Hypothetical reconstruction of ^rave moutid of Ch^in Shlh Huao£ Ti 

(See pL 1.) 

Disposal of the dead *—As we have already seen, disposal of the 
dead naturally played apart of the first importance among an ancestor- 
worshiping people like the ancient Chinese nobles, during all periods. 

During Chou times burial, not cremation, was the general rule. 
There were, however, exceptions. A few indications exist of a rite 
of cremation, sometimes accompanied by chariot burial. Mention is 
made of a group in the northwest (perhaps, however, non-Chinese) 
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vvliM LiLiiTinil (heir dmd on pyres. And a custom of ercmntloUt appar- 
cully not- of Buddhist origin, la ^Liil priLutii! 4 «il hy Tilmici- 

Hiji'ni»i] (riWsof wi4sl(?rii Cbino- 

During the Chou period ilie impoiluEit dead, oiivvi-fnl with ml 
l>igiruiurt wisi'ie phue<l in w{H>den chambers con^meted uudergmund. 
Goods and particuJnriy bronze vea^Is wera bnrlfKl with Liieni^ m wm: 11 
rtH humtm beiTigH, although not in such numbers as in the preceding 
Sliaiig Dynasty. Chariot burjaJHaJsOiK^eurred, oh iti the we»L Burial 
nioiindst usually tliough not always truncs^ted pymmitk of cartli^ 
often gigantic in size, ihun ei^^rted i^ver LlkeUL ^Sei* pL I anil 
figs. 18t 10, and 20,) 



Fzauifi of ujieieikl yrfivt: luuuuitM, aurlbwk.^leni < Tilnn - 


TI[E BEiDNZK AOk AST3STEHiS JAPAN 

Apparent!}* abont tlic close of the Cluju j>eriod or very shortly 
Llinreufttsr, brntsut Iwgjin to apiwar in western Jttpun. It conns fi-om 
the Asiutic contiaent by two mutes, tliB one t hrough Kyuehn, westorn- 
iiVKSt of tho larger islsmtls of die archipeliigo, the other from Korea 
to the northwestern ahores of iJin nmin ielanU. Tlie aren over which 
it diffused itself was roughly that bordering the Jupaiiii^u? In1iu\d 
Sim; it did nut extend fur beyond the eastern extremity of that Uidy 
of wrttcr. 

IKON AGE 

moK AfrnAns in cur a* a 

The advent of iron in Cliiiia Imd no tfucsli revohiiioitnry effect on the 
rlcvelopment of civilization theio as had that of bronze, aomqtldng 
like a thun^rid years earlier. It had no immediate itiBuence on tlie 
political, social, or economic life of the oountry, hut meant merely 
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the gradual substitution of one metal for another as the superiority 
of iron over bronze for certain purposes became slowly apparent- 

iron had been well known in the Near East for something like a 
thousand years before it appeared in China, first perhaps in the 
Yangtze Valley, The balance of probability seems to be that the 
knowledge of how to smelt and work iron reached China from northern 
India. The route it followed was apparently the one traversed by 
rice, the domestic fowl, and other culture traits almost certainly of 
Indian origin—in other words, the same region through which passes 
the highly strategic Burma Eoad. 

At all events we find domestic utensils and agricultural imple¬ 
ments being made of iron around 5CX) B» C, In both the Yellow Kiver 
and the Yangtze basins, however, that metal only very slowly sup¬ 
planted bronze as the material for weapons. A similar phenomenon 
also occurred in Homeric Greece, where bronze continued to be 
employed for weapons of war long after iron was being used for 
domestic utensils. 

Superior iron ores and abundant wood for charcoal encouraged pro¬ 
duction of steel in the Yangtze Valley; but in northern CMna, where 
wood was scarcer, coal came to be used in the reduction and manufac¬ 
ture of iron. 

Long, straight, steel swords, often double-edged and far superior to 
the old sliort ones of bronze, appeared in China toward the close of the 
Chou period. Weapons apparently very similar are shown on the 
Assyrian monuments of something like 500 years earlier, and were 
probably carried both east and west by the steppe peoples; in the 
Occident this type eventually developed into the ^^Crusader’s sword,^^ 

Swords of this type may, too, very possibly have aided the warlike 
northwestern state of Ch'in in its conquest of all China, late in the 
third century B. C- These blades seem to have come into general use 
in China (save in the extreme south, where bronze still lingered), 
shortly before the commencement of our era. 

FAli OP THE CHOUS I FIRST CHINESE EilPlRE 

During these conquests, Cli^in brought to an ignominious end the 
rery ancient Chou Dynasty, long since lapsed into powerlessness and 
insignificance. In its stead, toward the close of the third century 
B. C., the reigning king of Cl/in established a real Chinese Empire.* 
This he erected on bureaucratic foundations of which traces survive 
even today. As its absolute ruler he assumed the title *‘Shih Huang 
Ti'^—^"First Emperor.” (For a view and plan of the enormous grave 
mound of this man of genius, see pi. 1, and fig. 18.) 

■ From the name Ch* in almost certainly comes oor own for China. Those -who dispute 
this, on the ground that the latter name appears (in India) before the founding of the 
Chinese Empire, forget that the sfafe of Ch'Iu bod previously annexed the easterp terminal 
of both the two trauacontlaental routes linking China and the Occident {eee map, fig. ij. 
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HI'Kr^P OF IFON TO NFIGIIDOHING MSBS 

Into iQEitiy ndjitcent soldi hh soiiLhcvii Cliins, ^IniidiuTja, 

Korea, and wisstem Japan, iron was introduced from northern China, 
during the carlj Oenturka of the Clirktian Era. Tn certain of thaaa 
rtrginna, os we have just seen, bronze Imd already begun to be usedt 
but there iron soon overtook and aupcinivdi'd it. In nthcr areaa, as for 
flARtniilo eastern Japan, where bronse had not yet been adopted, the 
transition was dinscL from Ilia SLooh Ago to Llint of Iron, without the 
interposition of a Bronze Age at all. This is in fact what has taken 
place in most parts of tlie worltl, 

The seaboai^ region of northern China was still in the hands of 
non-Chinese pt^oples until late in the first niiUennium B. 0. For 
example, the birthplace of Mencius, about the middle of the fourth 
century B. C.- had less than 900 years earlier (i. e., in tlie iinie of 
Confucius) still been in the hands of “barbartanij,” The assimilation 
of the coastal populaLions of nortliera Chitia by the Chinese civiliza¬ 
tion seems indeed to have been a cultural rather than a military 
conquest. 

The iiiliabitants of extreme southern China, perhaps of the hfon- 
Khmer linguistic stork, were yet in the Bronze Age at the beginning 
of I he Christian Erflj but they soon thereafter came under the in¬ 
fluence of tho Chinese civilization, already in its Irun Age, pushing 
down from the north. 

Smthfrn China .—^Tlie numerons vviittrways and the bold, deeply in¬ 
dented coMSt line of southern China naturally invited the development 
of an csentially aquatic mode of life (Bislmp, 1054, pp. 

1938b)* Probably even before knowledge of metals bad appeared, 
large dugout caiiocs were being made. {See fig, 15.) These, propel Iwl 
by pnddlcs alone, ■were ne^orlbelnH* oupable of long voyages along 
lliR Aaiatic coast. Not, however, until the sail bud appearwi could 
penetration of oceanic areas begin. 

This Houlhem culture had before the (local) dawn of historr spread 
as far as southern Korea, western Japan, and the Ka^t Indian islunde. 
Today it sur^dvesin purest and least modified fi»rm (though it knows 
iron) tn parte of Domco and of Indo-China. 

/nrfo-C^iiTui,—The civilization of Intlo-China, though resLing 
biLsically on it strung abocigiunl foundation, was greatly affected by 
tho more advanced ones of both China and India. Tlieae began to 
make themselves felt (here arciunil the beginning of the Christiau 
Era, and provided the necessary stimulus for the development of a 
characteristic form of culture during ilie llrat millennium A. D. 

A'orno.—Northern Korea, too, was drawn increasingly into die 
Chinese cultural orbit. This tendency was accelerated and augmented, 
toward the cloee of the first tiiillennium B. C., by refugees fleeing frnm 
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il]M)rt]f<rH in norlhsm duns. Also, the great Han emporor Wu Ti 
{see Sg. ilO), late in tlie second century B, C., established a Chinese 
colony in northuni Korea which survived for several liundred yeure; 
while an jndc]>endent kingdom with a civjliantion of Bronze Age 
tyi«> arose nlsmt the same time or perhaps a little later in tim anuth- 
eastem part of tlio peninsula. Both colnny and kingdom became im- 


' * ■ ' 

i'^nciAK 20.—rillII aad elevation of grtnv^ mouiicl of Han Wu H. 


pirtniit. Becondary centers from which civilizing induciicos spread over 
much of enatern Asia, 

Toward the ckise of the Chou period aguinj a stream of cul¬ 
tural inlJusnrefi from around 11 le uioutli of the Yantze Eivor reached 
Kyi«hu, in western Ju[Kin. In that eotiutry it encountered other 
streams fixim Korea and even from Houthen) Mnnchnriii, and inter¬ 
mingled with them t» form the hiilorreal .Inpimese civiUzutioin TIi® 
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latter also thus owed its origin and stimulus entirely to the continent 
of Asiaj especially to China- 

The founder of the Japanese imperial line, the ^‘officiaF^ Japanese 
accounts tell us, was descended from the Sun Goddess, and conquered 
the western part of the archipelago.^® At that time and for long 
afterward, central and eastern Japan remained in the hands of the 
Ainu aborigines, then (from their remains) still in the Neolithic stage 
of culture hut gradually absorbing more advanced elements of civiliza¬ 
tion from their invadei's and ultimate conquerors. 

Tlie veiy brief and partial Bronze Age culture of western Japan 
was thus soon superseded by an Iron Age civilization of continental 
origin, which by the close of the first millemiium A. D. had oyerspread 
the entire archipelago save its extreme northern portion. 

The Japanese Early Iron Age (the so-called Dolmen Period) was 
characterized by burial in megalithic chambers or dolmens over which 
great mounds were erected; by the form of steel sword used; by fight¬ 
ing on horseback with the bow and arrow; and by many other traits, 
most of them Chinese in origin but others pointing in the direction of 
central Asia and even of the Occident. (Sansom, 1932.) 

SUMMARY 

Let US now recapitulate. Forms of man have occupied eastern 
Asia from very ancient times—^from the early Pleistoceue period at 
least—for ^^Peking man,’’ one of the most primitive human types yet 
found, dates from that remote epoch. 

Paleolithic (Old Stone Age) man later appeared in northern China, 
Mongolia, the extreme south of Asia, and perliaps Japan. He may 
also, there is some reason to suspect, have spread to the Philippines 
while those islands were still attached to the continent of Asia, and 
liave survived there for a long time. 

Later yet, though still long before the dawn of history, various forms 
of Neolithic (New Stone Age) cultures spread all over the Far East, 
where they are divisible into two fundamental classes, a northern and 
a southern. These both agree however in deriving their subsistence 
from planting, eked out in the one case by hunting, in the other by 
fishing. They had thus both already passed far beyond the stage of 
mere food gathering and had become food producing. Probably to¬ 
ward the second half of the third millennium B, C. there appeared in 
northern China, near the eastern end of the “corridor of the steppes,’’ a 
more advanced culture, still Neolithic or New Stone Age in character— 
that is, quite without metals—but possessing a painted pottery that 

MJThe date claimed by the Japaneffe for the founding of their imperial line, 660 B. C,* ta 
of course absurd. The actual time seems to have been about the com men cement of our era. 
and reliable and continuous Japanese history does not begin until considerably later stllL 
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has been likened to similar forms of ware found in southeastern 
Europe. Not long afterward, again, probably around 2000 B. C. 
there arose in the same general region a Chalcolithic period, with the 
first evidence of bronze in China. 

A little later still—^toward the middle of the second millennium 
B, C., for we have now reached the protohistoric era—w’e find in the 
Yellow River basin a highly developed civilization of Bronze Age 
type, based on almost the same set of fundamental elements as had 
been the far more ancient river valley civilizations of the Near East. 



Figitbe 21* Map of Ciiinxii showing tho 18 provinees* 


This new culture—of its origin we as yet know nothing—slowly dif¬ 
fused itself until toward the middle of the following millennium it 
overspread most of northern China. 

It then went on to penetrate various marginal areas, notably south¬ 
ern China, Korea, and western Japan. Soon afterward, however it 
yielded place in turn to an Age of Iron (of rather archaic tyi>e. it is 
true, compared with the one that had already come into being in the 
Near East over half a millennium before). 

Thus our survey reveals to us one outstanding fact, viz, that as civil¬ 
ization advanced in the Old World, it developed not one but two great 
centers of culture diffusion—the Near East on tlie one hand, China pn 
the other. The latter country has in fact played a civilizing role in 
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eastern Asia quite worthy of comparison with the better-known one 
assumed in the Occident by Babylonia and Egypt^ by Gi^eece and 
Rome, 
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1. NEOLITHIC Pit Dwelling, blocked Out for excavation. 
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PLATE 7 



t. PILE Village Near Yangtze River. 



2. COUNTRY Village, Northwestern China. 
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I, 1 em;ple DF Heaven, PeKiNt. 
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Chinese bpdnze vessels for ceremonial use. Miodleof First millennium b. c. 
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COSTOUHS OF CUT.TT7RE IX 1MX.>NE.SIA^ 


ny Keknedt 

Unh^CTMii^ 


(WfeUl L2|itftC#i) 

Tlitfi iftlEiiiG}^ of IiiEluntmifi ure of tixiioedhi^ iiiierti^aC. to tlie ethnologist 
for tt variety of reoisons. Tlii.^ is an ftneiont area of hwman hiibitation^ 
vs'here tlie hisLory of Trmii riui^ baek to its very iHtgiiiiiin^. Java I^lan 
stan<bj at tlie head of Indonesian gcncalog)', and he lived hundreds of 
lhuus3LtiE]s ijf 3 'uaTS 8ini:i!! thi^n^ countlc^^ WHVias of niigiiLiits have 
moved into the islands. The ancestors of the primitive Tasmanians 
mul AoKtruliHOi!!;) the Ocoaiuc Ne^rf^es of Alelanei^int and thu Polyne¬ 
sians of the Paeifie all trod the soil of the Indies in leng-pivst ages. 
The texture of liistory is deep here, deejwr tlnm almcKl anywtie™ etse 
on earth. 

Another remarknhle fat^t nlMiiit. tlie Iiulipa Ih that OiftHK hixtoi-ioal 
levels tiavo lieeii cauglit in action^ as it tvere^ and preserved until the 
present day* The THrions tribes of the islands now exhibit in their 
cultures virtually'the entire range of civUkations which hoTc existed 
in the past. They represent a living recoiit?triiPtion of the cultural 
progression that has taken place in the area. The way of life of the 
nomndic Kubu of Sumatra and Ptinari of Borneo is probably a fairly 
intact survival of general conditions in tJie arcliipahigE} 30,000 yeai^i 
agOt and other isolated gnnq^s preserve ancient patterns of culture in 
the same nianuer. The Bat ok am] (iayo^ now puidLeil back into the 
rnountainons interior of Sumatra, show the kind of life prevailing 
much ijiiire widely in old t lutes^ aiul tlie Ment^iweian arid Xiaxsan 
peoples of the remote islands off Suraatm^s west coast prosct|f a living 
picture of an even earlJpr i>erimlK Tlie ^rinangkabau of Sumatra offer 
ft good approximation to the culture hIJ tlie later ilakya i>ossessod 
when tliey ftrsL ent^^red the Indies, The Balinese civilization of today 
is a replica of the life of tho iiiedievji] Hiiidu-Javazicse, before Muhani- 
im^daniiiai) ifwept over Java in the fifteenth century. Thus the pres¬ 
ent range of cultui'es in Imjonesija is a kind of living inoseum, giving 
a comfjosite view of tlic development of civilization in the area. 

> BtiiriDt«iJ twmilmloD ftam Tbc Far Eaptfrti Qaartcrlf, N«T4Mnl»r 1>42. 
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Thft Indies also stand out as one of the few cemaHiing parts of the 
world where uetirelv funetioiiing and relatively intact native cultures 
iiiuy stiil be studied. Most of tJie interior regtoim have only recently 
been opened up to outside access, many large districts still remit in 
virtuuUy untouched by European influence, and the Dutch colonial 
administration has maintained a beneficent, paterualiatic Jiititude to¬ 
ward its subject peoples, allowing and even encouraging them to con¬ 
tinue their traditional vvays of life with a minimum of interference. 
Probably the greatest factor in prespmnng the native eulturos raluLivaly 
intact is tlia tiimnnous populations of thu tribes, which ore increasing 
steadily. Ju many if not most ntber ‘"native” areos of the world the 
aboriginal groups have declined markedly in numbers as.a result of 
VIhit® conejuest. In Indonesia) force of numbcia bus given strength 
in resisting alien influences; and the reagit is that the islands offer a 
].si»sr]e!$s field of researc1i to the ethnologist wlslilng to study so-called 
primitivo societies in action. And, as remarUed above, the cultures 
cover nn &ma2ii]gjy wide range: all the way from the simplest on earth 
to highly evolved civllizutions of long standing. 

BACtAt. 

The Hindu period of liuitmesian history began about 1,500 veare 
ago; Hud with it written records start. The ages before tbb eJn be 
rcconstructM only by inference from archeology and legendiy. Long 
before the dawn of written history the onewtors of most of the Indo 
n^iaua had entered tlie islands; probably the last influA of the later 
Malays occurred around SOOt) B. C. The only additions after thm 
Urns were the relatively few Hindus, Arabs, Chinese, and, n^mlv, 
Europeans. The earliest racial types In the islands have now either 
ihsappeared, or apjiear only in very rcuicSe tribeflL These archaic 
grains ore Aiistraloid, 0<a>anic Negroid, Negrito, and Voddoid. The 
finrt two passed through tlie Indies long ago on their way to their 
ultimate homes in Australia and the Melanesian islands Truce,H of 
them ore still diecemibk in the present population, particulnrJy in 
the CMterjimost islands of the Leaser Sundua, the Flores-Timor zone. 
The Negritos, tho dwarf Negroid stock, also app,irently very ancient 
in the Indies, arc now pretty well sulnuorgcd, hut in a few places there 
are trilies showing Negrito characteristics. .Mostly tliey dwell in the 
remoter districts; the swamps of cant Sumatra, tlio mountainous back- 
country of the CEUftern Leaaer Sundas, and the deep interior of Now 
Guinea. The primitive, fraiJ-boned Veddoid stock has also been 
forced out into llie piKtrer swamp and jungle country of iioiilh Su¬ 
matra, interior Borneo and Celi-iiftsi, and the eastern islands of In- 
donesia. 
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The two main racial strains are the proto-Malay and the deutero* 
Malay, or, as we shall call them, the earlier and the later Malays* 
Both of these racial types are small, brown-skinned, and wavy- or 
straight-haired; but the earlier Malays, who came into the islands 
from the mainland of Asia before the later stock, are generally more 
“Caucasoid” in facial appearance, shorter, more wavy-haired, and nar¬ 
rower-headed, The later Malay type looks much more Mongoloid, 
has predominantly coarse and straight hair, and is very broad-headed* 
Whereas the earlier stock is now restricted mainly to the interior dis¬ 
tricts of the large western islands and to the remoter eastern parts 
of the archipelago, the later Malay strain predominates in the coastal 
areas of western Indonesia, and has only recently spread in appreci¬ 
able force to the eastern islands. 

The cultural differentiation runs parallel with the physical, in gen¬ 
eral. Thus the tribes of earlier Malay type, inhabiting the more 
inaccessible regions, are still largely pagan in religion, only partially 
influenced by Hindu civilization or Mohammedanism, lack many of 
the more advanced techniques of material culture, and preserve ancient 
features of social organization* The later Malays, living mostly in 
coastal districts, have undergone strong Hindiiist acculturation and 
are now nearly all Mohammedan in religion, possess a wide repertory 
of manufacturing techniques, and have long since adopted centralized 
state forms of government* 

I^\N0UAGES 

Despite these differences, which are due mainly to the relative loca¬ 
tions of the two racial types, there are innumerable elements of cul¬ 
tural similarity prevailing throughout the islands. 

One of these is language. All the peoples of Indonesia, with only 
three exceptions, speak languages belonging to the same basic stock, 
the Malayo-Polynesian or AnstronesianJ which also spreads over most 
of the Oceanic islands, the Philippines, part of southeastem Asia, and 
Madagascar. The three exceptions are the natives of northern Hal- 
mahera in the Moluccas, eastern Alor in the Lesser Sundas, and inte¬ 
rior New Guinea. For want of a better term, these languages are 
lumped together as “Papuan,” which means merely that they do not 
belong to the Austronesian stock but have not yet been properly classi¬ 
fied otherwise. Few of the Indonesians can read and write. Those 
who do use either an ancient kind of script, derived from Hindu writ¬ 
ing, or the Arabic alphabet. Recently, the schools established by 
the government and the missionaries have spread knowledge of the 
Roman alphabet over many districts. Some of the more primitive 
tribes, such as the Batak and Redjang of Sumatra, are able to write 
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in the archaic Hindu-derived script, but this is rapidly giving way 
to Arabic and Roman writing, 

ECONOMIC ACTIVITIES 

Tlie principal economic activity is agriculture. Some groups stiU 
subsist largely by hunting and gathering wild products. These in¬ 
clude the nomadic Kubu tribes of Sumatra, the Punan of Borneo, and 
a few of the remoter peoples of the eastern islands. The archipelago 
can be divided into three main agricultural zones, each distinguished 
by its principal crop. The western rice zone includes all the Greater 
Sunda Islands (Sumatra, Borneo, Celebes, and Java), and the west¬ 
ern Lesser Sundas (Bali, Lombok, and Sumbawa). The central maize 
area, where com is the mainstay of subsistence, covei-s the eastern 
Lesser Sundas and most of the southern Moluccas, as well as the Sula 
Islands in the northern Moluccas. The eastern sago zone, where the 
natives obtain their basic food supply from the meal of the sago palm, 
includes some of the southern Moluccas, nearly all of the northern 
Moluccas, and runs over into New Guinea. This is the general picture, 
to which minor exceptions could be made in a more detailed survey. 
Also, these areas are not mutually exclusive; maize is grown in 
regions where rice is predominant, and vice versa; while sago eaters 
in many instances also plant both rice and maize. Other crops, too, 
are cultivated, such as coconuts, yams, taro, and several varieties of 
vegetables, but the three main products are rice, maize, and sago. 
Wet rice, grown on irrigated fields, was introduced into the islands 
later than dry rice, which is planted in dry earth after the fields have 
been cleared and burned over. Irrigated rice agriculture has yet to 
reach the interior regions of the large western islands, and is almost 
totally unknown in the eastern parts of the Indies. Even dry rice has 
not spread to the easternmost islands, nor to some of the remoter dis¬ 
tricts of the Greater Sundas. It appears thus that rice is not a very 
ancient product of Indonesia, and that before it was introduced, per¬ 
haps about 2,000 years ago, yams, taro, and millet were the staple 
crops. Maize, an American plant, came only recently to the Indies, 
of course. The areas where it is now the staple formerly had millet 
as the main crop. 

Dogs, cats, chickens, pigs, and goats are the oldest domesticated ani¬ 
mals of Indonesia, and are found in nearly every district. Water 
buffalo and cattle, however, would appear to be much more recent, 
and are still absent in many parts of the Indies. Horses and sheep 
are the newest additions among the animals, the former having prob¬ 
ably been introduced by the Hindus and the latter by the Europeans. 
Animal husbandry, except for the raising of pigs and chickens, is 
relatively unimportant in Indonesian economy, and the native diet 
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inehides fjir more ihsm Tni-nl. Fisdiing, indecdt ranks fscciinrl only 
to agi'ji!ulturc fts a source of food. 

HOT?s>:s 

Nearly nil the hnij^p^ of die Indies peoples are reefan^Eilar ^tructiircs 
of iTood or bamboo. Tcith thatched nKifw. In most regions they are 
nuHisd lilt on piles, and this appears to be the more ancient tyi>e of con¬ 
struction. In Java and d few other pla-ceH the natives build their 
dwellings iliriu l ly on I he ground, evidently a newer practice. In Biili, 
ftoich bniUliitg}? Inive cliiy w’^Uh rather than wood or bamboOj but this i'S 
a unique case. The Indonedan pile haii!?eH mngn in size all the way 
from dir sTmdl single-fiimilj Malay structures to the enormous Borneo 
Jonghouscs, often measucing hundreds of feet in kngiii. There are 
isolated inetanres of divargeiiL house typt^s, such iti> the simple tempo¬ 
rary shelters of nomadic tribesj the ^'^beehive^^ circular dwellings fsjuntl 
in part-s of Timor and Flores and the little island of Eliigano olf Suma¬ 
tra, tile floating raft htits of the Akit of Sumatra, and the rtaind or 
oval roofed houses of the T^unl Dyak in Borneo, the northern 11 alma- 
herans, the SavuiicsCj and the northern Niawains. Some of pur¬ 
lieu lari the ^^iH^idiivir- gtrurtiireif, probably repitrsent very ancient 
types which have now disappeared from mo^t of the arcliipelugo. 
Stone ie almost never tist^d for hnildings in the Indict, but sctdpttLred 
monument of impre^ive size arc erected by the Batak of Siimatrai 
the people of off the we>:t SumatrEi iroast. and tlie Smnbanesc. 
Lc^ pretentious stonework is done in many other regions^ and the 
widc-Hipread ocei^lTonce of old niegaljthie remains thmughout the 
archipelago indicates that in the pu^t the use of stone for nonutilitar' 

ian, probEihly iiio&-tly religious, whm much more prt'vjihuit than 

it is at present. Under Hindu influonect Indonesian stone workman^ 
ship attained itn Hiiprfiliie hidght in inetlipvni Java. The Javanese have 
now lost this art, but it still tlourishes in Bali. 

HANllICRAFTS 

There are many places in IndomVia w^here the craft of weaving has 
yet ttj [>en8Lratc. There the natives, especially in central Celebes, 
make their clothes of hark rlntli, whirli wiin onitb the only dm^ fabric 
known in tJie i:dands, except for mntvvork and leaf garments. Weav* 
iiig arrived relatively late in the Indiifs and kIiows two lovels of de¬ 
velopment* The older type of weaving, found in the more isolated 
district?, is dona on a back-bar luom^ which has one end of the frame 
attached to the wcaverns body. The more complieateil hamiH have iised 
frames. Metalivorking evidently predated weaving in the archipeb 
agT>, fiiid has Kpi'ead fniieh mtiri* w idely. Indertb i>nly the most primi- 
m(c;m 11 :ii 
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tive Indonesians lack the ability to manufacture articles of metal. 
Pottery, though undoubtedly a very ancient craft, is poorly done. It 
appears that the ready availability of bamboo and gourd containers in¬ 
hibited the development of clay vessels in the area. Matwork and 
basketry and wood carving are universal handicrafts, practiced by 
even the lowliest tribes. The highest development of material culture 
occurs, however, in metal and woven artifacts, the finest of all Indones¬ 
ian products being the ceremonial krisses and the beautifully bati kk ed 
and ikatted (tie-dyed) textiles. 

The most primitive peoples wear bark-cloth loin wrappings, al¬ 
though in New Guinea even these scanty coverings are dispensed 
with in some districts. The loincloth for men and the short kilt for 
women carry over into many tribes where woven fabrics are used, 
but the standard costume of the more advanced regions consists of a 
sarong and blouse for women, and a sarong or trousers and shirt for 
men, all made from either locally woven material or trade cloth. Body 
ornaments are most elaborate on intermediate levels of culture — 
jimong the earlier Malay peoples of Borneo, Celebes, and Sumatra, for 
instance—and decrease in quantity and variety on either end of the 
cultural spectrum, among the most primitive and the most civilized 
groups. The most popular decorations are headdresses, ear pendants, 
necklaces, and arm and leg rings. 

Artificial mutilation of the body, for the purpose of beautification 
and sometimes with social and religious implications, reaches an 
amazing development in Indonesia. Virtually universal are ear 
piercing, often involving extreme distension of the lobes and incision 
of the upper part of the ear as well, and filing of the front teeth, 
either to points, or horizontally, or with grooves on the outer surface. 
Almost as prevalent is mutilation of the male sex organ. The older 
practice is supercision, or splitting the upper part of the prepuce 
without removing any flesh. Evidently more recent, and largely 
confined to Mohammedan regions, is true circumcision, or cutting off 
the prepuce entirely. Incision of the female genitals is so closely 
coextensive with circumcision that it would appear to be a later, and 
perhaps associated, practice. A few tribes in Borneo and Celebes 
pierce the penis for the insertion of knobbed rods or similar devices, 
the purijose being purely erotic—to augment the sensation of women 
in coitus. Tattooing is now confined mainly to the less advanced 
places, but formerly was much more widespread in the archipelago. 
Borneo, incidentally, is probably the greatest tattooing region in 
the world. The foregoing are the principal forms of bodily mutila¬ 
tion in the Indies. Sporadic occurrences of artificial head deforma¬ 
tion, scarification by burning and cutting, body painting and stippling 
with resin, and hair bleaching with lime complete the list, except for 
nose piercing, which is confined to New Guinea. 
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Spears, swords, and shields are, or were, virtually universal weapons 
in the islands. The bow and blowgun also find widespread use; but 
the former is more general in eastern Indonesia, the latter in the west¬ 
ern part. This probably means that the blowgun is a more recent 
weapon than the bow. Clubs and slings are rare, but appear to have 
been more important in ancient times. One mention of returning 
boomerangs appears in the literature; tliey are used as toys in a section 
of central Celebes. 

Although the more advanced peoples of the archipelago have built 
and navigated large sailing ships for centuries, the Indonesian boat 
par excellence is the dugout canoe with outriggers. With very few 
exceptions, the outriggers extend from both sides of the canoe. The 
attachments of the floats to the booms become more complicated 
toward the eastern parts of the Indies, and in the Moluccas a wide 
variety of outrigger styles can be seen. Transportation of goods 
overland, except in areas where animals take the place of human 
portei-s, regularly involves the use of back baskets, with lines going 
over the forehead or shoulders, or both, in all the primitive parts of 
Indonesia. The balance pole has replaced the back basket in most 
of the more advanced regions. 

SOCIAL ORGANIZATION 

The social organization of the Indonesian peoples shows three 
levels of development. First there are the few modern cities, where 
the natives are partly Europeanized. Then there are the native 
states, still semi-independent in most cases, a form of organization 
originally imported in Hindu times about 1,500 years ago. Before 
that, the social systems of the Indies had never developed beyond the 
tribal or village-community stage, which is the third, and by far the 
most important, level even today in most of the islands. The tribes 
have little functional significance generally; the basic unit of native 
government and social organization is the village community, and 
each of these small groups lives almost entirely independent of the 
others—politically and economically—even within the same tribal 
area. A^ere life is still nomadic, the same pattern holds, and the 
small bands of wandering Eubu and Punan are functionally discrete 
units. The prevailing style of government, in both nomadic and 
settled tribes, is democratic. Chiefs are chosen by general consent, 
even where the office passes down through a single family line, for an 
unsuitable successor will be deposed by his people. Moreover, the 
village councils, composed of all or nearly all the adult males as a 
rule, exercise effective control over the actions of the chiefs. Eco¬ 
nomically, too, the Indonesian communities are basically democratic, 
with conamunal ownership of land and little class distinction on the 
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basis of wealth. Despotism in government and marked inequality in 
property ownei-ship are in nearly all cases traceable to “higher 
civilization.” 

In most parts of the islands, the only important social unit besides 
the community is the family, or rather the extended family, for the 
Indonesians lay more emphasis on the remoter degrees of kinship than 
do Europeans and Americans. The majority of the tribes reckon re- 
lation^p on both the maternal and the paternal sides, as we do; but 
in certain groups either the female or the male lineage determines a 
person’s family memberthip. Throughout Java, Borneo, and Celebes, 
the bilateral type of family prevails; but in most of Sumatra, the 
Lesser Snndas, and some of the Moluccas, either matrilineal or patri¬ 
lineal kinship schemes predominate. The kind of relationship sys¬ 
tem that a tribe employs detennines the marriage rules. Thus, while 
all groups taboo primary incest (marriage with parents or brothers 
or sisters), those with the “mother family” extend the prohibition of 
marriage to quite distant degrees of relationship on the mother’s side, 
but may allow’ even first-cousin marriage if the parties are connected 
by way of their fathers. Exactly opposite rides apply in groups 
with the “father family.” In parts of Sumatra and in some islands 
of eastern Indonesia, matrilineal and patrilineal systems of kinship 
become vastly elaborated by the development of clans. ^Vhere this 
occurs in a patrilineal tribe, the taboo on marriage applies to all mem- 
bei-s of the father’s clan, no matter how distantly related; while in 
matrilineal tribes all persons in the mother’s clan are forbidden as 
mates. Generally, also, the mode of reckoning descent governs place 
of residence after marriage—i. e., with the wife’s or the husband’s 
people—^although in many bilateral kinship areas, notably Borneo 
and Celebes, even though male I'elationsliip is considered as important 
as female, a married couple nearly always reside among the wife’s 
people. 

In eastern Sumbawa, Flores, and the Alor-Solor Islands, totemism, 
or belief in the descent of clans from animals or plants, occurs; and 
in some districts here the clans are grouped in marriage classes, with 
complicated rules of intergioup mating, a pattern strikingly remi¬ 
niscent of certain New Guinea, Melanesian, and Australian social 
systems. 

NATIVE RELIGION * 

Indonesian native religion rests basically upon three partly over¬ 
lapping and partly independent sets of concepts, i. e., beliefs con¬ 
cerning magical power, spirits of various kinds, and the ghosts of the 
dead. Even where Hinduism, and later Mohammedanism and Christi¬ 
anity, have affected the beliefs and practices of the people, the ancient 
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pagan cults persist and strongly color the more recently adopted 
religions. Tlie magical concepts emerge in the head-hunting com- 
plexj for hunting of heads is preeminently a religious duty, calculated 
to enrich the supply of spiritual force of a community by capturing 
heads, and the supernatural power they contain, from some other 
group. Many of the rituals of the native tribes have the same pur¬ 
pose, and priests and priestesses are regarded as experts in the tech¬ 
nique of gaining access to and drawing upon the store of magical force 
that pervades the universe. Mostly the pur]>ose is beneficent—to heal 
the sick, improve crops, and the like—but black magic can be used 
against enemies. Tlie spirit beliefs and practices are more specific 
than those connected with magic. The rituals are ^^pointed” at cer¬ 
tain recognized spirits, whose properties and powers are known. 
Some of these beings are good, others bad; and the principal purpose 
of the spirit cult is to gain the favor of the former in combating the 
malevolent designs of the latter. Most of the tribes have ideas con¬ 
cerning the existence of pantheons of high gods, but these deities are 
too lofty and remote to exercise much munediate influence over lowly 
liumans. Therefore the lesser spirits—of the eaith, water, air, and 
sacred places—occupy a more vital and intimate place in the native 
religions. 

Probably the most important cult in Indonesia, as in much of 
eastern Asia, has to do with the ghosts of the dead and the ancestors. 
The funeral ceremonies of the Indies are more elaborate than perhaps 
anywhere else in the world, and sacrifices to the departed ghosts, who 
are powerful intermediaries between their living relatives and the gods 
and spirits, must never be neglected. Fear of and respect for ances¬ 
tors, whose existence in the afterlife is vividly real to the Indonesians, 
make for stubborn conservatism, because the ancestors are sure to be 
angered by any change in the ways they were used to on earth, and 
will withdraw their favors from the living if the old customs are not 
preserved. 

Despite later infusions of Hinduism, Mohammedanism, and Chris¬ 
tianity, the base of Indonesian religion is still paganism, the tradi¬ 
tional beliefs and practices of the ancestors. “Conversion’’ usually 
means merely taking on new names for old things. Nevertheless cer¬ 
tain areas have been strongly influenced by alien religions. Bali is 
unique in preserving tlie old Hinduist religion, which 600 years ago 
was the faith of all Java and most of Sumatra, Mohammedanism, 
of varying degrees of “purity,” has since spread over nearly all of 
Sumatra, Java, and the coastal lands of Borneo and Celebes. It is 
steadily making converts throughout the eastern islands, some of 
which—notably Lombok and Sumbawa—are nominally almost com¬ 
pletely Islamized. Christianity has never been able to make headway 
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in previously Mohammedanized regions; indeed, the areas of influence 
of the two religions are mutually exclusive to a marked de^e. De¬ 
spite centuries of missionary effort and enormous expe^ndituresm 
Mohammedan Java, for instance, there are now only about 200,000 
Christians there, and probably not more than half of these are natives. 
Christianity has made best progress among formerly pagan tribes. 
the Batak of Sumatra, the Toradja and Mmahasa of Celebes, and the 

Amboinese of the Moluccas. . , j. n ■ «.i« 

In general, the contours of culture in Indonesia display a stril^gly 
regular pattern of stratification. In the far eastern islands and m the 
deep interior regions of the larger land masses, the most archaic racial 
types and cultures are preserved. In the more accessible irfan s- 
tricts of the Greater Sundas and in the westerly islands of the Lesser 
Sundas, the racial stock is of the earlier Malay type and the leve 
of culture is “intermediate.” Finally, in the coastlands of western 
Indonesia, one finds the most recent physical types and cultural accre¬ 
tions, which are steadily spreading inland and eastward into the terri¬ 
tories where until today the ancient peoples of the Indies carry on 
their age-old traditions in the shadow of impending change. 
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PLATE 3 



1. BATAK WOMEN AND GIRLS. SUMATRA. SHOWING THE PROTO-MALAY 
(CAUCASOro) PHYSICAL TYPE. 



2, Setj of Central Ceram Doing a War Dance. 

The fihysipflj is the so-called Alfur. the proto-MaJay and Papuan hybrid charackTistic of the Moluccas. 
(Courtesy Bataviaasch fienootschap.) 





PL*Te 4 


StaflnnWii E^cpvt.. 1^1.—XcfutBil]/ 



I* 4S£jA«r Women Daikiimc, im festive Dress. 

Thi^ N hpmiis, 4Kn sfiodii] v«ir ^llnl^uFlMf ^Jigutiln ttmi artiabitfiirt. 



2. Me:MTaWEI WCMEfV F'iSHINa. SHOWING LEAF CLOTHiNG. 
Tli*« pe^p4ei imtitnii wrttr^ imt mifcc iheir IlffiwntJE qI thht-r ImwJk rfnth ^ Iraiei. 
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PLATE 5 



' DVAK C3p>OUP, WCSTHhm SmOwihq. Wl;^PQN5 A^fD WAIST 

HJNr:^ or AHD RATTAN WnflN DY WcMEN. 



2. Bahalt Dyai^ Group. Showing Pi^vTCNOtts Ear lobes and. center Rear 
Pantheh-Tootm EAfl ornavientg Which May be worn onl y ry succt-ssFUL 

HEAD HUNTERS. 
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PLATE 6 



t. MlNANaKABAU LONGHOUSE. SUMATRA, 

All Mlnatigkabau buildinp graceful saddlc^hapcd rooJ^. fCourtesy Netherlanrls Inforuiatioo 

Bureau,) 



2, Toba batak Village. Sumatra, showing the Sloping gables 

OF THE HOUSES OF THIS SUSTRIBE, 

(PhatoKrapb by E. E. Mubs^) 
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Plate 7 



l* Baljnese Temple gateway with Carved Wooden Doors* 
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MiNAMQt^A^u Of su'Matra in ceremqneau Costume. 
rii^llly ttfYhrrtlliHl tF^llIvClLii hfl': Jh-LrktOUJd 
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Plate 12 



1. SADANG burial CAVES, CELEBES. CHISELED IN THE FACE OF A CUFF. 
They have wiHKleo dmrs and carved guardian Images, (Courtesy Xctherlands Inforination Btucau.J 



2. Palace of the sultan of siak. Eastern Sumatra. 

Siak bone of the^x^res of native states which the Dutch ruled -imlirccily.” rclainlng the hereditary [princes 

In oakc. 














THE ARAR VHXAGE CO:kf]Vn7>’lTY OF TIIE MIDDLE EAST 


By Artr I. Tankoub 

Olflce of Foreign jprff.’MffuraJ Jictolton*, D. S. DepaTtment of Agriculture 


THE BEGTON AND TUE PEOPLE 

Despile the fact that it CQiiKUits nf five poUtiral entities^PalGstine, 
Trans'Jordnn, Lebanon, Syrin and Iraq—^the region under cunsdderU' 
tion b ill reality one ruUurul uiiiL Its geographic boundaries are 
determined by the Mcditcirancan Sen on the ivest, forinitjga. «T»anL line 
of about TdOkilnirietenji; the Sintii and Arabian deserts and the Persian 
Gulf on the south; tlic Kurdistan Motintnins on the enat; and the 
Taurus Mountains of Turkey on the north. Titese boundaries enclose 
an area of al>out 770,000 square kilometers (000,000 jtquara miW), of 
whidi tiiiL more than R5 ,OOOki|U]i re kilometers (32,000 square miles) are 
under cultivation by village settlements. The rest of tbe urea consists 
of arid, satidy deserta atiii Mem i a rid plateaus over wliich tlie nomadie 
Betlouina graze their herds. 

An interesting variety of topogi'aphieal aod climatic features IS en- 
countered as one moves inland from the seashore. A narrow coastal 
plain, with high soil fertility and uii altitude of less than lOO meters 
(about 390 feet), stretches from the Egyptian frontier in the smith to 
the TurkisI) frtniLler in the north. In most places the coastal strip 
does not exceed 1 or 2 kilometers in width. Pa nil Id with the coast 
and rising abruptly fnmi it, eiteinls a rugged mountain range, reach¬ 
ing its maximum height of over 3,000 metern (over 10,00(1 feet) in the 
Lebanon sectioti. To the east of, imd parallel witli, the f^banon 
Mountains rises the equally rugged but nliglitly lower Anti^Licbaiiou 
Range. Between the two ranges lies the high uml fertile plateau of 
Bika^ In conlraMt with lh<i^ high mountains is the Jordan valley 
cleprcssion in Palestine, with an altitude of about 100-80Q meters (330- 
090 feet) below sea level. In the northeastern corner of the region 
viands tlte third significant mountuln range, which is a continuatjun of 
the Taurus and Kurdistan Ranges. The remaining greater portion 
of the region cojisjsIk of exleiisive semlarid plains and plateaus. The 
only two extensive river valleys are those of tlte Tigris and Euphrales, 
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running across Iraq from north to south. Smaller rivers are the 
Orontis in Syria, the Leontis in Lebanon, and the Jordan in Palestine. 
Along with tliis varied topography, a similar variation in climatic 
conditions is encountered. Along the coastal plain prevails the Med¬ 
iterranean type of climate—a short and mild winter in which rain is 
concentrated, and a long, damp, and warm summer in which no rain 
falls. Here rainfall is relatively heavy, especially in the northern 
section where it reaches an average of over 30 inches per year. On the 
mountain heights snowfall is heavy during the winter, whereas the 
summer is cool, bracing, and dry. In the interior tliere is a marked 
variation in temperature between day and night and between summer 
and winter. Here rainfall is scanty. In addition to the above varie¬ 
ties, there is the subtropical climate of the Jordan depression in Pales¬ 
tine and of the Persian Gulf area of Iraq. 

Between 9 and 10 million people live within the boundaries of this 
region. What strikes attention first is their pattern of distribution. 
As expected, the fertile coastal plains and river valleys are densely 
populated, whereas the extensive semiarid plains and plateaus of the 
interior support a sparse population. Coining to the Lebanon Moun¬ 
tains, however, we find a high population density of over 100 per 
square kilometer (260 per square mile). This is so despite the fact 
that these mountains are extremely rugged and their soil scanty. 
Obviously, not only geographical but also cultural factors must be 
taken into consideration in accounting for this apparent anomaly. 
Keligious and political conflicts during the old Turkish regime forced 
the Christian minority to congregate and take refuge in the mountain 
heights. 

A second feature of the population is the existence of a high birth 
rate and a high death rate, especially in the villages. Early marriage, 
emphasis upon family life as a major value, and the polygynous fea¬ 
ture of the Muslim iTligion are some of the cultural factors respon¬ 
sible for a birth rate that ranges from 30 to 45 per thousand. This is 
more than double the rate for the United States of America. On tlie 
other hand, a death rate of 20 to 28 prevails, wiiich also is much 
higher than the rate in the United States. A natural increase in 
population, however, has been the net result. With the advent of 
modern medical knowledge and sanitation, an acceleration in the rate 
of increase may be expected. 

With respect to racial composition, the population of tlie region 
shows a marked degree of admixture. It is true that a relatively high 
degree of racial purity exists among the Bedouin tribes of the interior. 
This purity, however, which is the i^esult of relative isolation and 
consequent inbreeding, becomes in general less and less evident as 
cme moves away from the center toward the periphery, especially the 
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Mediterranean coastal area* Varieties of eye color, pi^entation, 
hair texture, and stature can be readily obserTed* Siicli a situation 
can be expected as a result of the fact that the region under consider^ 
ation has been, since time imniemorialj one of the most strategic meet¬ 
ing places of races, cultures, and nations. A large number of ancient 
peoples, Babylonians, Assyrians, Hebrews, Persians, Hittites, Phoe¬ 
nicians, and others, met there, intermixed, and succeeded one an¬ 
other. Then followed the Greeks, Romans, Arabs, Crusaders, and 
Turks, each contributing its racial strain to the already existing mix¬ 
ture. What is of primary significance in this connection is the out¬ 
standing fact that racial consciousness is practically nonexistent 
among the people. This is primarily a result of the predominant 
religion of Islam which accords equality to all Muslims in this life 
and the life to come, irrespective of color and lineage. It is well 
known that under the influence of their religious message the Arabs 
intermarried freely with the various races they conquered. 

A fourth aspect of the population is its raral-urban composition. 
Here we have a situation that is heavily biased in favor of rural cul¬ 
ture. A genuinely urban w'ay of life is limited to the few main cities 
of the region: Baghdad, Basrah, and Mosul in Iraq; Aleppo, Damas¬ 
cus, Antioch, Homs, and Hama in Syria; Beirut, Tripoli, anti Sidon 
in Lebanon; and Jerusalem, Jafa, and Haifa in Palestine. Conse¬ 
quently, between 65 and 80 percent of the inhabitants of these coun¬ 
tries can be considered rural. A small minoiity of these are still 
in the nomadic stage, whereas the gi-eat majority are jdlahm^ agri¬ 
cultural people settled in villages. 

Finally, with respect to the cultural composition of the population, 
one encounters a situation similar in its diversity of elements to that 
of racial composition discussed above. For thousands of years this 
part of the world has been a center of dynamic cultui'al contact. As 
nation followed nation on that stage, from the ancient Babylonians, 
Assyrians, and Egyptians to the western [mwers of today, cultures 
developed, met, selected and borrowed, invented, and passed on their 
heritage to future generations. Tlius the past lays a heavy hand 
indeed upon the culture of the Middle East. Within this diversity 
of cultural origins, the Arabs, who have occupied the region since 
the middle of the seventh century A. D., have been able to achieve a 
stable integration, giving the prevailing culture a predominantly 
Arab orientation. Their religion of Islam is now embraced by about 
85 peTcent of the population. Arabic, the language in which the 
Muslims believe that Allah revealed the Qor’an (Koran), is the 
mother tongue of each one of these countries. Dialects may differ 
from locality to locality, but written Arabic is the same for all. 
Other main cultural values and practices have been either modified 
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or originated by the Arabs and more or less unifonnly spread through¬ 
out thi^ roglon. j:Viuoug these aif? eiuphoi^ii^ upon IbjoUj solidarity^ 
exahrtlion of indiridnal proires^ and doring^ group consciousness and 
identity rather than indiTidualism^ hc:^pitality, and thepredonuDance 
itf the personal touch in all types of human rolationships. The ’^ray 
in ^hich a cup of eolfee m prepared and served atid ils eyinbolic 
sigTiiticance are practically the same in the Muslim villages of southern 
Palestine ajid in I hp Chrisrian villagpw on the high slopos of Ijcbanon. 
Similarlyj everywhere there is heavy dependence upon bread as tJie 
main s^taple in the diet and the same reTerent attitude toward it* 

THl: VILLAOE COMMUNITY 
onioix ANn DKAXIjfjeilENT 

Everywhere in the Middle East, whether on the coastal plains or 
on tlift high mountain slopes, on the interior plateaus or in the river 
valleys, the village type of rural settlement pi'evails. Unlike the 
N^orth Amerinan pattern, practically no isolated fannsteads or mral 
neighborhoods exint between the villagrsi. Fariiiera and animaht live 
in the village, from which they go out daily to work in the surround¬ 
ing fields and come back in the evening* Tlie origin and evolution 
of the village tjTe of settkntenl in this, the oldest part of the world. 
IS lost in tliB ri^iiiote and ol^scure past. Tt is certain that the village 
was there long before Biblical times. Haw Icjiig ago and In wdiai 
manner it developedj whedier directly as such or gradnally along k 
line of several stages, is a matter that is still open for speculation. 
One can i%asonably condiule, as did Professor SandeFson, that de¬ 
velopment possibly followed a line of transition frean the noniadic 
tribe to the subagricMlturnl group, to the semipermanent village, to 
the permanent village settlement.^ Thi« H^plunatlon seems to gain 
support from Ihe ctmtemporary existence in the Middle East of the 
older stages of settlement. In fact, one can observe the process of 
transitiDu actually taking place* In general, it ran Iw readily lieen 
that as one mores from the coaalal areas and river valleys toward 
the interior, villages a$siuno less and liwa of a |H'mmnifnt charaertBrj 
until pure nomadisrn b reached* The large B^ouin tribe of Fa’^oor, 
who oj?ed to roam with its lierda ovnr a wide area along the borders 
of Syria, Falesutinc, and Trans-Jordan is now in the prcx:i*s3 i>f transi¬ 
tion, Tlie Emir of the trilx* nod his brothers are rapidly developing 
into feudat hude* They and their entourage ot;;cupy a compound of 
modem stone buiiditig^ whereas around the compound one still sees 
the old tcfitis of the Arab nomads. Some branches of tlie tribe have 
!>egun to live in in ore pennanent dweilinga, inada of njed cane or of 
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stone. Tliey still follow the seasons with their herds, but in addition 
they now cultivate the soil and raise crops. In the Jordan valley of 
Palestine, as well as in several places in Syria and Iraq, various stages 
of the same process of transition can be observed. Even in Lebanon, 
where permanent village settlement has been established since ancient 
times, the writer came across modified forms of the original nomadic 
and seminomadic stages. 

LOCATION 

The factors responsible for determining the location of each village 
are many and varied, A few of them, however, seem to be more out¬ 
standing and more common than others. An obvious one of these is 
the availability of water supply. The significance of this factor can 
be better apppreciated when one is reminded of the fact that rainfall 
in the region is scanty (not exceeding 10 inches per year in most 
places) and that all of it is concentrated during S or 4 months of the 
fall and winter seasons. In Lebanon, where snow accumulates on 
the mountain tops, springs are abundant, and practically every village 
has one or more of these running through it or just outside its limits. 
The i>eople use such village springs both for human consumption and 
for irrigitation. In most of the villages of the interior, where run¬ 
ning springs are scarce, the necessary water is obtained from wells, 
which are sunk to varying depths until the undergromid water table 
is struck. In other places cisterns are used, which are filled with rain 
water and which supplement other sources. Another way of supple¬ 
menting the water supply is to dig a large and shallow pit just outside 
the village proper and make use of the accumulated rain water. In 
river valleys, naturally, direct use is made of the river water, 

A second factor in the choice of a location is the matter of defense. 
Almost invariably, whether on the mountain heights, in the interior 
plains, or in the river valleys, one finds that the settlers have chosen 
the site that best lent itself to defense. This was essential in early 
times in the face of attacks from other villages or from marauding 
Bedouins, Hilltops, bluffs, and invincible shoulders of deep ravines 
afforded such easily defensible sites. It must be observed that this 
factor has lost its significance in the greater part of the region, in view 
of the prevailing public security. 

Fertility of the soil has been another determining factor. This is 
to be expected in view of the fact that the village people are dependent 
almost completely upon agriculture for a living. Through the use of 
farmyard manure in some places, or the development of a suitable crop 
rotation in others, the people did their best to maintain the fertility 
of the land as long as possible. Permanent and continuous settlement 
on the same land for generations made the application of some conser- 
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ration tciJjrilqiifw imperative. This has boon sbgidurly aiKtieiwfiil in 
tiio Lebanon Aloniitaiiia when* Larivuiiiij^ iinrl iimnuring have boon 
citoiiHivtily iiet^L Fn some plaoea, tssipocially uhero tiiiiiiure ik uswl 
for fuel, soil clcplotioii could iicjI. Im! Hvnided. 

It niiiHt. bo pointed out tlmt in liOiiie cnscfl aJI tlieae faotuiN of liK:Aiion, 
ne well os othcj'S not mfiiitiuncd, Iifi ve lioen e^junlly operative. On tbe 
other liiiiul, we find n great number of villages in which one or more 
of tho required conditions had l.n lie neglectetl in favor of others that 
seeimsii i[uni< com [wiling. Such is tUc CO® of the Kura Valley in 
riorthem Lcbnitoii, which offaied the satllers au extremely fertile soil, 
but no iidequAlB wuler supply. For n long time before underground 
water was discovered iu souie [)luci>s, vi Ikge people hatl to depend upon 
rain water and uiam n running stream ®veral uiilea aivay. All the 
villages on the rugged Lebtiuou Hln[H>a servo as im illustration of the 
predojuiiiaiiCB nf ihe defense factor, which waa eiigei-ly efmgbt by 
rpligioiis niinoritics. 

PllTsic.tJ, aTBtTcrtraE 

A compact, Jiiirleated form of structure is the firast atriking impres¬ 
sion one getii of the Middle Kaslern village. It is a congloiueratioti 
of huiJspH Btandiiig close to each other, divided by ivindiug alleys and 
[laths tliat do not secjii i.o liiivu imy regular design. In parks of sonic 
villages the houses arc so close together Lhat. line fau walk or jump 
from roof to roof wiihout much difficulty. In other villages the 
houses are srattered enough to leave room for small garden plots. To 
u casual observer siicii ii iniusij of dwelling placets shows no evidence of 
dilfereTit iat ion. Upon iiivcstigdcion, one linds thal. the |H*iip1e are con¬ 
scious of the t'xktbiicp of i?edain sections in their village. Kach one 
of these is called u or ii llci*. which ?s ustiBlly the Iiabitat of one 
kinship group. In Uda we see u carry-over from the tribal organiza¬ 
tion and an indication of the sigiiidcancH of family in the early devci- 
opment of the conuntmlty, 

Normally, the mosque or the churt-h stands as the physical and cul- 
tural center of the settlement, UwtUingH are erected on all ?idcs of 
thia i-entrr by the original family groups. As a family multipllea, Its 
dwelling place also multiplies by a pnaaiss of “budding.” Uiidor the 
influence of n strongly partiUwal systetu, in which the wife comes to 
reside with her husband's i>eopie, the nnw ly nmrried cou]>lc add one 
more room on top or to the side of the groom^s ancestral house where 
the I'Cst of the family dwell. For geuei atiims this process of hiuldi iig 
has been going on, result ing in tlie entangled mass of houses described 
above. Next to thecliurch or mosque is the Safia^ on o]>cn apace where 
people hold e«x;fiil ^itherings or present tlu:ir jmoducc for sale. In 
the vjllagre of the interior, where regular biweekly or iiumthly rtiur- 
kets are held, the JSaka is of a fairly large hiw. Nonimlly, the few 
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ttlartu? urn lEK^sitnEl iirnuiid thii? ceiilriLl i^psiee. In large Vll^ 
kges, or those thiit hnve two religious sects, tvco centers exist. Such 

KnHir.jjieiiLs riiHy kr cli‘yigii:ilnd aw llirnlitnEL 

With respect to the structxirc of dwelliug pkces, the following niAin 
forniH I tiny Im diHtlnguii^hrd. TrfitK^ riindK iiiiiiidy of giKit hair, are 

used exclusively by the nomods- Shucks made of roL4 cone cim be 
ill marirhy IrTcaliliifH^ Hiich an exiaL in RDrlheru Palyiitiiii!, 
northern Syria^ southerR Iraq. This type of dweUing is u^cd 
niaiidy by snunimniadh: Iribn.H who ale in thti of 

In the hilly areas of the region in general and in Lebanon in par- 

I joiiliir. Htonii (jiioKlIy hinffKl.ontj) the riiti^t rounnun biiUdLiig riiiit%?' 

rial. It is cut by expert masons^ of whom practkallv every village 
boastii a good number. In im^sL cui^ hUuio iy ijyinl pxcliiKtvely in 
constructing the foundation, the walls, the ceilingi and tlie roof. A 
yulid dcnie-shaped structui^ Is ilia result, whicli nuiy huvt^ a flat or a 
convex roof. Sometimes wooden beams arc use<l for the ceiling and 
bricJfis fur tJif^ njol. On lim [ilaitiH of hitrrinr^ aihilw hoijyeif ar>a 
the most prevalent. A special variety of these are the so-called bee¬ 
hive hui]»ey nf some villagiw in iiorthei-n Syria. Thu dkciiirliva fya- 

tiuxj Lore iy tJre conical stiape of the dome^ which helps to mitigate 
the efF«:t of the blazing ftiiiu A (ypical house -tsf the wfioJii region 
c'otLsiabi of a courtyard, w"hicb may or may not be surrounded by a wallj 
and two or more ria^iua^ une of vvhicU is occupied by ibe farm 

animals during the Khml cold season. In many cusc^, wlien the family 
dwelling consisis of one renmn It iy shared by both animals and human 
IwtrigH:. In some cases people ocenpj' the top flrior and nnimals tlie 
fli'st floor^ It seems thni thi^ idea of a separate barn has never taken 
root in that part of the world. Finally, it must lye iiumljoncd that in 
rectmi years, especially in tlie villages of the coastal area, some depar¬ 
ture from the lypical strueture hay been taking [ilace. Xew iletarheil 
houHi^it lire being built outsulo the original congloineratiDn and away 
from the aiicPHtnd home, and modern cont^rurtiem tuuterials mo 

k'ing iihtid. 

Agricultural land owned or cultivated by the farmers begins just 
oiitf^idti the village proper and extends in all directiona .from it*. In 
some eases Uicre is an established division of the lajid into zones. The 
first of these, adjoin ing I he dwelling plnees, is used for gardens and an 
assortment of fruit trees. Farther out orciiards prevrttl. 1 n la«t ween, 
or beyond the orchards, are the opm fieldw fur the growing of cerealn. 
On the outskirts, or wheniver the land is brushy and least fertile, a 
portiem in Set a^ide for grazing* In many hH::ilifles, however, no siieTi 
zoning patteni exists Tlu'™ ura villages that use tlic land exclii- 
i^iveiy for raising renak and giitKing. Others specialize in raising 
fruits, and lenvc pi actically no space for veget^ibln gardens or for 
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pnixinp. A moiYs rcj^iilur and more outsU tiding fcntur* of the villagi! 
territory is its estromo fiiigiiiGjjtaiiorL In the m(»untain wUleinents 
this tflkes the form of an extendve system of terracing. A ternn.'e 
is usually a few feet or s few yards wide and as long as the hillside. 
The side of the terrace is supported by a strong stone wall. In the 
valleys and on the plains, fragmentation takes the form of ft great 
number of small plots, separated by a hiburloiis netwnrk of hedges, 
diiohf.s, or stone fences. The cultural necessity for this seemingly 
absurd agricultural practice will Le |X]inter] imt Inter. 

THC LAND 

One of the strong^ ties exists lieitween the Arab fellah and his 
land. Its significance to him and his attaclimcnt to tt ennunt be ex¬ 
plained in cold economic Lerme, for land is one of the few main pillars 
of villnge life, involving ft deep-rooted complex of liehiivifjr and senti¬ 
ment. For couiitlei^ geiierntionE it has been tlie only source of life 
for him and for his ancestors. Year in and year out he hns depended 
upon it to suiftain him, and it did. He calls it the ‘^blessed earth*' and 
refers to it with reverence. Hii him worked on it. since he was a child, 
nnd so did his ancestors before him. He inherited it from them, as 
they, in their turn, inherited the same land. The nttnehment is so 
strong that the fellah resorts to migration or to selling his land only 
under extreme piieesure. One example of this is the great dilBeiilty 
which the Egyptian Government has encountered in its attempt to set¬ 
tle somo of the feUahin on newly reclaimed laud, with a view to re¬ 
lieving high population pre»riire. Tliey are offered all sorts of facili- 
liea and inducements, yet they are reluctant to leave their ancestral 
communities. 

Another illustration ia affunled hy the early emigrants from the 
villages of Palestine, Syria, and Lebanon, tinder exireme popula¬ 
tion pressure, they began to emigrate to the Americas around IBSO- 
1890. In practically all coses they intended to Bave some money as 
Siam as pofaible, then return to their original homes. Very few of 
them indeed were willing to sell Uioir land when they emigrated. The 
first money many of them were able to send hnmu was for t he purtwi™ 
of rehuying tile land they had to sell or releasing it from mortgage. 
Some of them, who are now married and establbhi^d immignints in 
this country, still own land in (lie old village. It is ft bond they do 
not like to sever, although they know very well that they will never 
go t>nrk+^ 

Another indicaimn of tliw aig^nifitance of land is the manner m 
which the fennh re^onds to it, as if it were a living Qrijnnism. In 

*For nn AUmljKim Ijr Itiflumf'c 6f i!iiili;rmMon Dpctn mJ littMi!. 

flfln. u. Fortin 01 Bficljit Ch*iLji» lu mn ArMh villnjn.” niiml SMlOldCr. rnL 7, 1, Mmfrh 

1M£. 
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nmny cftscs ctich plot he OWNS liHii u j'lersoiuil bi^ftOTy that is bonded 
down with it- I)- muy be that an important villiigo iacident took 
place tliei>e, or that an ancestor hud an hitimate connection with the 
place. Consequently, one finds tliiit proper mimes are often given to 
various pints op various sections of tlie villugo lemtory. Many of 
these nftiyn^ indicate the qnulity or behavior of the land as rsperi- 
encod by the feU<ihin. In the cose of one small villuge in Lebanon, 
the writer was able to record over 30 eiicb names. Here are a few 
examplestMawadeh, meaning loyalty; Al-Humra, meaning luml with 
reddish soU| Al-Akni’, meaning the bold land; Jurei Muhanna, lond 
nuirted after Muhaimn, an ancuetor. 

The previiiling syaiein of land tenure among the fdlakin of the 
Middle East goes back in its origin mainly to the time of the Arab con¬ 
quest. Toward the middle of the seventh century the Arabs ousted the 
iLiid occupied the region. Cultivators of the soil who had al- 
^dy been there w^nj kfi. generally unmolested. Gradually, how¬ 
ever, an ciafaoretc system of land tenure developed, springing mainly 
from two foundation?, tiitt triljal and the religious organization of i.he 
Anih coiiqueroi'i Sfrerai hundred years later tUe Uttomau Turks 
took the rule over from tlie Arabs. At the same time they adopted in 
the main tli« culture of the latter, in eluding their religion of Islam, 
much of their language, and the land f^'stem they had develo[>ed, into 
which siHiia modiKcation was introduced. With Utis brief statement 
uf the background, we may now discui^ the main categories of land and 
ty{>es of ownership.’ 

1. J/ufi.* *—'I'his is the same as ownership in fee simple. The owner 
of such land 1 h free to do with it whatever he wiKiiea, He may plant k 
to anv kind of crop or leavn it uncultivated, erect buildings on it, and 
beciueath it as he aeca fit. This type may be traced back to two soure'es. 
One of tbesc was the MuJk that u’as in existence at the time of the Arab 
t’onf[nest. Oivneni of such land were left unmolested, except that they 
had to pay a certoin tax in kitid. Ilia other source was the custom of 
Arab rulers, and later the Turkidi Sultans, to grant lond from the 
public domains to tribal chiefs anil other U>e.al lauilers, iir to soldiers, 
in order to appease them, or tu compensation for some service. Dc- 
Hpite the strong desire of the f’sliah for this lyi>« of ownership, it covers 
only a small perreulage of the land in the Middle East. 

£, MirL ^—far the gi-pater portion of land la of thia witegory. It 
is state property that has been leased out to cultivators either tempo¬ 
rarily or in perpetuity, lu the. latter case, it is virtuall 3 ‘ the preiKriy 

■Tile Lb[(Kit«l ivifiilrir If |i> ttrl|el#p Titaun In Ibf Hldillii EoMt,*" 

AlHcnllurr, IT. Da^. Affr., Aufluit 1IH3L 

*FiXnn Ifac ArfcbletMl ifgluAa^ to own fuJIy npd iliffilH lr1 j. 

f tlToni tbf Antbic woni UulI wliiLe-h bflnnijx tm Llid Koilr Oiir rulrf^ 
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of the farmer, us he cun cultivate it as he wishes and bequeath it to his 
heirs. He has, however, to abide by certain conditions, the main 
among which are the following: (a) if the land is left uncultivated for 
3 consecutive years, it will revei't to the state; (&) such revei'sion also 
takes place when no heirs claim the land; (c) the owner cannot 
bequeath such property through a will. Upon death, inheritance 
takes place automatically, as prescribed by the l^fuslim law; (d) also 
the owner cannot offer it in dedication for any purpose, as explained 
below. 

3. Waqf .^—By this teim is designated property that has been dedi¬ 
cated for religious or charitable purposes. With the advent of^tlie 
religion of Islam, this practice, which already had been in existence, 
became highly institutionalized and widely spread. In almost every 
village of the Middle East one comes acro^ such dedicated property. 
This may be a building, an open field, an orchard or a few trees of 
one, offered as a perpetual gift to a church, a mosque, or a patron 
saint. A common one, mostly in towns, is the 8al}il^ a public fountain 
or drinking place. The main goal people have sought through such 
dedication has been the invocation of mercy fcora the Almighty or 
His saints upon their sick ones, or upon the souls of their dead. It is 
also good religion to dedicate for charity of various kinds. Another 
form is dedication for the benefit of one’s heirs. It should be noted 
that only Mulk land, as described above, can be dedicated as true 
Waqf^ which entails absolute and periJetual transfer of ownership. 
On the other hand, Miri land can be dedicated only as untrue 'Wagf^ 
which involves usufruct and not ownership. True Waqf cannot be 
exchanged or sold except when replacing it is the ultimate aim of 
such transaction. 

4. Masha ’,''—In Lebanon, ownership of land by individual families 
is the rule, whereas in the rest of the region a form of communal 
ownership is practiced. Most probably this came about as a natural 
development of the original tribal organization. It is just one step, 
possibly the only one that could be taken, from common ownership 
by a nomadic tribe of grazing rights over a certain territory to coni- 
munal ownership of agi‘icultural land, when tliat tribe settles down. 
In fact, one can still observe this transition taking place in several 
localities within the region, where nomadism and settled agriculture 
meet. Under the Masha’ system no one owns any specific plot in the 
village territory. Instead, each individual farmer or family owns 
a certain number of shares, which entitle the owner to cultivate a 
certain amount of land for a period varying from 1 to 5 years. At 
the end of such period a rotation of cultivators takes place. Usually, 
regular inheritance of shares takes place by dividing them among 


• PrfHJi the Arabic root verb Waqufa, to stop or to bold steady and uQchnnged, 
^ From the Arabic root verb Sha^aj to be abared In common. 
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ilin cKildren* Xlie ripUt of a fcmaJe chiitl to sLUili inliiirlt- 

flDCe 13 niCAgniz^d, ulLiioii|^Ji ju>i7imlly slie fore^nof? that right m favor 
(>f her brotliiin?. In some villages tlie right of iiilierttaii.Cf3 is uni 
cslablished^ lnstcxtd of that, aL ivguUr inten^als the land is divided 
into Its many slnLteg m there are males, including infants. 

At this lioiiit it is liKs^ntiul to dw«ll brief]j on the apparent bias of 
the culture in favor of males and against females. An im|iHed es- 
pJaiiatinn fijr tliiH prcfjinlirfl may Iw found in two other cultural prac¬ 
tices, One of these Is the custom of patrllocalisnip svImreUy a girl 
upon niarriagiB gi>es to Jive with her husband's people and becomes 
completely identified with them. In case she should inherit Jand, uu- 
desirabia complicaliunH for both fandiy grun|)ii would iuf^vitably 
arise. Such complications become accentuated when the girl maiTies 
into ajioElicr viJlagH fmintiiuiiiLy, Tlio oilier practice is the emphEiEii^ 
of the culture upon marriage. Practically every woman has a chance 
of gutting niarritfti {rern«^!idwr?ring that t^dygynyj more than one wife 
to one husband, is permitted among the Mu^ma) and her economic 
setujrity is attained ibrnugli that of her husband^s. 

It was mcniioned above tlmt in the casn of vUlagps where hind is 
owned direcily by individitai families in lh« form of specific plots, es- 
ti^me fragmentation of holdings takes place. A certain farmer, for 
esample, may own some 20 acres* divided into 10 to li^ idiots and scat¬ 
tered in all directions from the village proper. Such n Eitutitiun wuems 
to be an inevitable result of the prevailing family orgarusation and of 
the nucleated Ly|Hi of settlement. Family solidarity b striHigly em¬ 
phasized, to the eatont that three generations live togetlicr, own and 
culivate the land as oim unit. Upon tli« duatli of ihu grandparents, 
the land is equally divided among the ninrrieil and unmarried woiis. 
None of them lliinkj^ of b$elling out to tlm and end grating, 

Thia process of subdivision continues generation after generation, 
with the size of the [jlot« ilwimlling. Scattering of holding? is the 
outcome of all farmers living itt a central place instead of on thrir 
lund. The village territory is iiatiinilly ilivitJetl into several sites, 
according to fertilit}' and other qualities. From Lhu bi^ginning rach 
family group is allowed to own a certain portion in each of these 
sites. Through oceasiunal purcha.w and inheistance from the snothcr's 
side, scattering becomes more and rimm lux^ntuated. 

Fizudtyi in comuHlujii with tenure it must be inciilloned that ap¬ 
pro]^ ima tidy fiO percent of agricultural land is cultivated under niie 
form of tenancy or Hnnshi-r. Hi is should be expected in n region 
wdiero tlio Mhi category, land owned by the ruler or the state, lia^ 
been predominiiiitHi Ah mcinlioneii abtive, it was the jsrm^tice of rulers 
to offer large tracts of land to local leaders in compensation for cer¬ 
tain services. Gradually, amrli leaders bfaiame ubsentee hiudlortk and 
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Jcft their Icind to be eultivatej by tenants. A not birr of the 

Hybd:eiii' btis been ibe constant transition fmm nomadism to settled 
agriculture. Xomally, as the tribe settles down^ katlersbip of tlm 
HheikJi is rnoinLamed. He assigns certain portions of the land to in¬ 
dividual families, who contribute to him a pwrt of tlie prraiuee. 
Within R geiiHraliun or two, he assumes the role of a feudal lord 
and they sink to the level of tenancy. In Irnq^ for esanipkj siidi a 
feiulal Hlieikli nmy be the virtual owner of some 20 or more \nllnge5. 

AoaicuLrrvaE; a No hirt 

Perhaps more than any other occupation^ it may said of 
agriculture that it is a way of life. This is especially true of the 
Arab village in the Alicldle ^Flie iBtnmg attachment of tlic 

f^A to the sod and its deep signiflcancc to him have been pointefl 
out aliove. He is bom into the village where avHrybf>dy in a fiinner, 
and where forming of the same soil^ according to the Sfunc tcehniqiieSf 
has taken place for countless |;^crations. His |ierKynality ia deveh 
oped necordijig to a cultural pattern^ the tua|Or ja^rLion at which is 
woven around the team of oxen^ the plow, the good earth, the year’s 
store of wheat for making bread, and ^orea of ullier agrkultuml 
items and activities. His diet is derived almost entirely from the soil 
he cultivates. 

Space does not permit a thorough analysis of this important aspect 
of vilJagu life. Dijiurus&ihin will Lw Hiiiitcd to the main cropH pro¬ 
duced in the region and the main fcalui-cs of the activities involved 
in Uie prodtictinii aucl roriKumplion of these crops^ The growing of 
cercola predominates in each of the five countries under conkulerattmi. 
WTieat comes first, followed by barley* maiise. dura (grain tiorghuin)^ 
and rice. Some of the mai^e i^a^\ dura and prscticallj all the barley 
arc used for feeding farm animals. Barley is csjMicially fed iu luirsc^^ 
iic>nkiiyK^ aial miller Pfiwsihly this is why the i>coplc have u piiejudicc 
against eating jtt except in stringent years kin[l in arpas wlierr the. 
other cerpjitK thi not grow well Tn Arabic litcrutnre ami in local 
sayings there are several refcrenceK In the lower si at ns of biirlpy. 
WTieat is especially desired for making bread, of wliiL-li the adult 
ftiliiA ruiiHtnueK from I to £ pounds daily. He cats it morning, noon, 
and evening, a piece of it w ith every mouthful of the ineiil. So meal 
is considere<l complete wUhoiit hnuiil whereas bi'ead alone is Accept¬ 
able^ It is literally “the bread of li fe’* to Lhesi^ |ieojdp, in this crmTits> 
tion, it should be of inleresL to poini out the cooperative and social 
character of the baking activity. In many los^aJities, mstead of n 
faijiily oven coriKtrtiLied in the cnnrtyardt there aJ-c cstabliiilieil village 
bakeries. Familiea take turns at uising these, baking enough bread for 
a week or two. On «uch occasions the housewife is he1[ieil by several 
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neighbor women. As the 8 or 10 of them sit at opposite sides of a long 
table and pound the dough into large, round, and thin loaves, they 
exchange news and gossip about the village affairs. Further, it should 
be noted that preparing bread is almost entirely a woman’s activity. 
In some places the activity of tending the oven is open to men. 

One cereal, which is common in Palestine, Lebanon, and Syria, 
deserves special mention. This is hurgkul, which is made of wheat 
by a process of boiling, drying in the sun, removing some of the bran 
by sprinkling with water and rubbing with hands, then crushing at 
the mill into a coarse and a fine variety. As in the case of bread, 
most of the work involved is done cooperatively and is combined with 
social visiting and recreation. The coarse variety is used in cooking 
various usual cereal dishes, whereas the finer portion is used exclu¬ 
sively in preparing the well-known, dish hubheh. This consists basi¬ 
cally of hwrgkiil and lean meat pounded together into thick paste in 
a large stone mortar. The paste may be eaten raw, with olive oil 
or samn (clarified butter), or it may be cooked in a number of ways. 

Fruits are rather plentiful, with oranges, grapes, figs, apricots, 
melons, dates, and olives leading. The activities involved in the pro¬ 
duction and consumption of each one of these constitute a clearly 
defined culture complex. As an illustration, the olive complex, which 
is widely spread in Lebanon, Syria, and Palestine, will be described. 
The olive, a native of the Mediterranean region, is a very hardy ever¬ 
green tree, and lives to be several hundred years old. In some local¬ 
ities olive groves have been in existence longer than village traditions 
can reach. With little care, year in and year out, the olive tree gives 
its highly valued fruit. Pruning takes place yearly, and the cut-off 
branches are used for fuel or as supports for grapevines. The small, 
but thick, oblong leaves that drop from the tree are gathered regularly 
by women and used for fuel. The fruit begins to ripen in the fall. 
From that time until the end of January, village life becomes higlily 
olive centered. The season is begun cooperatively, in that no one 
can start before the elders decide upon the time and the place of pick¬ 
ing. This decision is announced at the church or the mosque, or by 
the village crier. At that time in Christian villages the priest usu¬ 
ally goes around and blesses the produce. Picking the fruit is done 
mostly by beating it down with long sticks. This is exclusively a 
man’s activity. On the other hand, only women and children gather 
the fallen fruit and put it in baskets or sacks. Also sorting is done 
by women. Each housewife then pickles enough olives to last the 
family the whole year. The rest of the crop is taken by the farmer 
to one of the three or four presses that exist in the village. Work 
at the press is done exclusively by men. The owner is usually paid in 
kind, and in the same manner he pays the few workers he employs. A 
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year’s store of oil is put aside for faraily use, and the surplus is sold 
for cash. With enough oil and cereal to last the year round, the 
fellah feels secure. 

Regarding the consumption of meat, a few distinctiTe practices 
should be noted. The most conspicuous of these is the effective taboo 
the Muslim religion has placed upon pork. The animal itself is repul¬ 
sive to the Muslim, and he would rather go hungry than touch its 
meat. Under the influence of the Muslim majority, the Christians in 
this region have also refrained from eating pork. A similar Muslim 
taboo covers alcoholic beverages. It is interesting to note, however, 
that in this case the Christian minority has not been influenced by 
the Muslim rule. Another practice is that animals should be slaugh¬ 
tered in a specified manner, by cutting the throat and letting the 
blood drain out. No one would touch meat from an animal that has 
been killed in a different way. A further observation is that the 
people of Lebanon are fond of eating raw meat, especially certain 
cuts of it. 

Dairy products arc consumed mainly in the form of lehen (fer¬ 
mented milk), white cheese, and sumn (clarified butter). Milk is 
obtained from sheep, goats, cows, buffaloes, and camels. 

Coffee is the most important beverage. The nomadic Bedouin, the 
fellah^ and the city dweller relisli it. For several hundred years 
they have used it, until it has become the core of a body of traditions. 
It is the symbol of hospitality and honoring a guest. Refusing it is 
taken as an insult or a sign of enmity. 

A final point that should be observed in connection with the subject 
of agriculture is the amazing persistence of ancient techniques. One 
still encounters the Biblical team of oxen, wooden plow and yoke, 
and threshing board, as well as the hand sickle, the clay beehive, and 
the primitive chicken coop. In some places, even the threshing board 
is omitted, and animals arc made to tread over the straw instead. 
Side by side with such manifestation of cultural stability, one wit¬ 
nesses drastic changes in some aspects of life. Practically every vil¬ 
lage has been invaded by the automobile and the radio. It is said that 
the former has been used by the Bedouin in his raids I In Lebanon the 
western type of dress is now more common than the native. It seems 
that we have here a vivid illustration of the fact that there is no 
necessary carry-over in the process of acculturation from one aspect 
of culture to another. 


FAHILT OBOANIZATION 

The fundamental significance of family life in the culture of the 
Arab village cannot be overemphasized. It is equal in this respect 
to land and agriculture. We have shown above that the origin of the 
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nucleated settlement can be traced probably to the tribal organization, 
which is essentially based upon blood ties. When the first boy is 
born to a married couple, people cease to call them by their names. 
Instead, they are called after the name of their son, Abu-Ahmed and 
Um-Ahmed, for example (i. e., the father and mother of Ahmed.) 
This is an indication of the emphasis of the culture upon family con¬ 
tinuity through the new generation. Keciprocally, children and 
adults are constantly identified with their parents and family groups. 
“Whose son is he?”; “To what family does he belong?”; “From what 
village does he come?" are the first questions asked about a stranger. 
In village proverbs and sayings reference to blood ties and relations is 
frequent. Insulting an individual as such may be dismissed without 
much ado, whereas violent reaction is certain to result if the insult is 
directed at the individual’s family. “May Allah curse your ancestors” 
is one of the toughest swearing expressions used. In situations of ser¬ 
ious conflict, members of a family rally together and face the threat 
as one solid unit. Such and similar indices serve to show clearly how 
predominant is identification with the family group. 

Considering the region as a whole, three types of family units can 
be distinguished. The first of these is the ordinary biological family, 
consisting primarily of the married couple and their children. This 
type, which prevails in the north American rural culture, is the least 
significant in the Ai-ab village. Beyond fulfilling its biological func¬ 
tion, the unit does not figure much in life’s situations. It should ratlier 
be considered as a stage leading to the development of the larger and 
more important unit that will be described presently. It should be 
remarked, however, that under the impact of Western culture, espe¬ 
cially its economic system, the biological family is beginning to play a 
more dominant role. This is particularly evident in the villages of the 
coastal area where direct contact with the West has been taking place 
intensively during the last 50 years. 

The second and most important unit is the joint family, consisting 
of three generations. Taking one of the grandchildren as a point 
of departure, the group normally consists of brothers and sisters, first 
paternal cousins, married and unmarried paternal uncles, unmarried 
paternal aunts, and the paternal grandparents. All these, varying 
in number from 10 to 30 people, live close together w’ithin the same 
compound of dwellings. Socially and economically they function as 
one unit. They own the land collectively, cooperate in its cultivation, 
and share equally its produce. At the death of the grandfather, the 
family splits into as many units as there are sons, each one of whom 
becomes the nucleus for the development of a separate entity. Within 
this patrilineal and patrilocal system, the girl is considered as an 
integral member of the paternal group as long as she stays unmarried. 
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Upon mavrteigo, sh^ movcH t« tlie. uThhIh of hw hiiKbiind’s people nnd 
LecunifM cxniiplHtt>]y identified with them. In case the girJ dtHw nut 
marry at all, which is rather exccpllutial, arrH]igRni.orits are made ior 
her to lire with one of the brothets when the original unit s^plibs. 
Upon divorce, whieli tahen plficw only girnong Muslim?, the woman 
noriiiuUy returns to live with her people. 

A cleat diviaion of w'ork hetween the sexts and diHerentiatlon of 
status-role can Ijb oltservml. This differentiation la sharper within 
Muslim than it is within Christian famllitiM. Tt can be said that in 
geneitil tlie females status-role is subordinate to that of die male’s. 
The following are a few indications of this tendency. As was men¬ 
tioned above, i>arenhr sne named after the first son, hut never after 
their first daughter. Tile desire expressed by the jiarenta and their 
relatives is always for a male child. “May Allah give you a son” 
is the usual sa3'ing. One never hears, ‘^May Allah ^ivo vou a 
dang] I ter.” CircumoiHiou or baptism of a boy are oreawms for 
village celebration, ivhcroas a girl’s baptism is observed tinietly. In 
some hxialitjesi w'ouien of the household cat only after tnaii have fin- 
isheil their meal. In such places a eertain degree of segregation of the 
sesos takes place, and women are generally kept in die background. 
However, no veiling of woiaen is practiced in any of the villages, 
ns is done mnorig the Muslims of towns and cities. In general, it is 
men who moke all importani. daoisions regarding family affairs, 
Ri<gnrding the division of work, two generaliaations may be made — 
(hat mon handle the heavier tasks, nnil that they take up those tasks 
that carry mora preslige. Taking care of tlic children, prepai-ing 
meals, getting water from the spring or well, and washing and mend¬ 
ing clothes is done sachifrively by women. They also do the lighter 
tasks in the field.?, such as weeding, gleaning, and fruit picking. 
Men do verj' little at home. In fact, they iviiubl be junked down 
ui«m by the community, including thsir wives, if they should linndle 
any of the jubs assigned to women. In tlie (isli].<i, they do the heavier 
juliH, such as plowing, pruning, harvesting, and thresliirig, 

Tlic influpiice of the joint family extends also to tlie marriage 
institutiun. In fact, tha ialtcr may be COllsidervil as a fiiiict.inn of 
the former. A boy may know' his girl well, and the two may fall 
ill love, but the final decision in the matter rests wjtJi the families 
concerned. The parent?, the aunts, the uncles, and the grandparvnts 
must have their say. .Such an apparent “interfarsnre” or “meddling” 
is a logical consequence of the fad, that tlie newly imiri iod coujtle 
will not establish an inde^wndent home, hut will live with the rest 
of the family unit. In exeeplionHl cgisee, the boy and girl tmiy rebel 
against n negative dmdaiun by their familiHs and elope, Reaction 
ngainsit such deviation varies from lis-ality to locality. It may take 
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the form of o mild and lempontry oBtmdsm, or it inuy lo the 
murder nf I he {jrii-l by iiii infiiriatrd brother or father. Choice of a 
mate rritKin the kinship ;n‘Oup is prefcrtihle to mnrriagt) with an 
oiilMder. In thiH respect, MuhIjuis go as far os to permit marriage 
between first cousins, whereas Cliristians make second or third coinins 
llte limit. de[>Hnding iilmn tlia Having children, and the more 

of them the better, is the primary purpose of morriage, »s far hh the 
joint family is cotirerned. They {Hjm>iit(ito an tK^onomic asset on the 
farm, and through them the prestige tjf the unit is enhancecl and its 
continuity assureil. In the face of such a nltuation. the lot of a 
barrcii woman ia miserable indeed. Divorce and polygyny do not 
occur in Christian communities, whereas both ore practiced Ijy the 
Mualiins, with certain restricting conditions. 

A third entity that is based on blood relationship is tha kinship 
group. This is more comprehensivn than Imtli the biological and 
tlie joint family. It consists of all those who claim descent from lha 
same pntcmal ancestor. The number of joint ftiiiiilies tliat make up 
n kinship group varies from village to village, according to the age 
of the community and the occurrence of diRmptive factors that may 
split the gr»n[i at a certain stage in its development or retord Its 
gi'owtli. Its influence is felt by the individual in a vjitiety of situa¬ 
tions. From tlia start, the child leariis that he should address every 
member of the unit as ‘‘cousin’* or “uncle” or “aunt” or “grandfatlier*' 
or “grandmolher.” Ab mentiotiad nlKive, it is expected of a young 
itiHii to many iritiuii rather than outside the kinship group. In 
times of serious conflicts or feiuls within the viflogw, kiiiMliip loyalty 
asserts itoelf and is bin ding upun every member. 

RErjoiotra oan.tNizAtloN 

It is not a matter of coincident that tliroe of the live leading 
religions of the wurld originated in the region of the Idkldle Fast, 
A diiw:mwion of the factors that hove made such a develoimicnt pos- 
sibiB is not our present tnak. W'hai concerns us in this respect is the 
fact that man in this part of the world has always lieen highly 
ivtigkm-conscious, and that his religiotiH traditions arc well cstab- 
lisliecl and reach bk far back as early human histoiy, A continuouH 
and dirtHrt line of descent can be tratwl fi-oni the various religions 
of early ancient times to JtidiiiKm, then Cliristianity, and more re¬ 
cently Islam, 'I’lic earlier fot‘ms of religion have ceased to exist, 
excepting inasmuch as their practices have been absorbed by the three 
that followed them, and which are still living in (be region. Of 
these, Judaism is the least influential. Its followers, aside from the 
recent Zionist settlenieatu in I^alcstine, arc limited to small cotnmtini- 
ties of H few thousands each in the cities of Beirut, DainascuH, Bagh- 


540 AXirUAL HEronr SMITH^NIAN* iNSTTTttTTON, 1043 

dad, and Aleppo. There are no Jewish village comnninities. By the 
end of Hi« Rtmian rule in the Middle East, Christianity had bet nine 
the predominant religioii, spreMcling wifJely among city and village 
people. TcHvarii the middle o£ the seventh century, conquest of the 
territoiy by the Arabs took plara, and their religion of Islam pre- 
vailcil. ilnny Cliriatian commujiitics embraced the new religion, 
and new Muslim settlcnieiits increused. At present, except in the 
predominantly Christian Ijcbanon, Christian villages constitute a 
small minority in the various rountriea of tho Middle East. 

In the ligljL of this background, a description of tlie religious 
organization of the viiloge connnurilty will now be attempted. The 
fim diirtinctivo feature to be noted is that religion, like agriculture, 
is a way of life in tliis part of the world. It is so old and so dtn'p* 
rooted an inatil.iitloin that it has permeated all aspects of community 
life and become inseparable from them. A visit to one of the o!d 
ChrisLiaJt itidnaaterieg on the Lebanon heights is suflicient to give ono 
the irapresaon of a religion tliat does not lend itself I'eudily to tlie 
forces of chnrigB. It must also be remembered that the central core 
or primary motive in the A mb wave of conquest was their religions 
message—a call to all peoples to embrace Islam, the religion of sur¬ 
render unto Allah. Thmiigh such surrender, the various aspects of 
life took shape and color, Consequctitly, in the village community 
of today everybody is bom into its church (Muslim or Christian) 
and is expected to ivniain in it for the rest of his life. He muy not 
know much about its dogmas or subscribe to thrir letter, but he con- 
fom^ loyally to tho community fdkways and uiorca which liave been 
inspired mainly by the nilcs of the church. Every sei'enth day of 
tho week (Friday for die Muslims) and during the many religious 
festlyalB of the year, village people sinp work and indul^ in social 
visiting and other recivational activities. Bcceiitlj in Palestine im¬ 
portant religious festivals have been suocesefully transforined into 
occosiojis for political demonstration. Tim Haj (pilgrimage to 
Mecca) is a dominating factor in tho life of tho fellah. Ho may 
never be able to liccuiiipHsh such a religious i rip, but he is always 
plfitiiiing for it. When he succeeds, his departure and bis return ure 
occaaiona for celebration by the wliole (rommunity. And when the 
elrrasnts of nature f[til him and his crops arc threatened whb min, he 
turns to the village church as a final resort. It has prayers to bring 
down rain, to blcsa the produce, and to ward off the evil eye. Never 
would a feMtth talk about his children, livestock, land, or produce 
without uttering at frequent intervals the name of Allah iu a variety 
of phrases, No marriage is considered possible unless it is winct iuiicd 
by the regular religious ceremony. Circumcision and haptiKiD, two 
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religious ritiiakt occasiotis for social and other recreational actir- 
itiys. ihi^ crjiild ^ on citing ficoros of other examples showing the 
far-reachin#? integration of religion with agricultut^, familyj recrea- 
l.irin^ anti iHher of village cnlturev 

Stability is a second prominent feat lire of LUe village churdi. This 
may be sr^n ni 5 n natural consequence of the first feature Jii5t analyzed. 
Wlien religion permeates ctJtumunJtj life to such bu extent hk de- 
scribed above, change must perforce be extremely slow* Another ex¬ 
planation may be found in the intensity nf euintiona! MxiHesrience that 
goes with various religious practices in the village* Being a product 
of the culture under ironsideration, the writer knows from jwi^onal 
experience the force of tlie emotional factor* lie was also able to see 
it In opemtiou in Ills study of one of the Arab communities eslfiblished 
in this country.'* A convincing manifestation of this stability has been 
shown in the exti'eniu reluetajica tif lha village jieople to yield to con¬ 
version* Muslims and Christians» whether living in the smufi village 
(jr in se|iarMte village^, iniva si^itleil down, in the course of 1,300 yenrs, 
to an implicit understanding that th<^ who are born MuHlini kIijiII 
retriaiii Muiilin], tiiid [JniKft who anti barn Oiristian shall continue to bo 
BO, The idea 9 ! proselyting is alien to their minds. The Kome alti¬ 
tude has been showTii toward tlie energetic attempt at conversion by 
Western missionaries during the last hundred years. It U a well- 
known fact that not niorn than 10 20 MtiJjjHiiis in the whole region 

hare been converted. 

A third feature is the high degree of autonomy enfoyed by the vil¬ 
lage diurriu lliiH is anotJier inilication of its idenliliratlon with the 
life of the communityj rather than with an outside hierarchy. Islam^ 
in fact, does not hav^ much of an ecclesiastical organisnition, and the 
Muslim village church is very much of a local affair. Ilia penjda 
choose their or shaikh, who leads lliem in [uiiyer tvnd performs 
for tliern certain ceremonies* He Is paid a certain unassigned 
mostly in kind. The ChristiuTi priest is similarly cho^n and paid* 
Mb is ona uf the villiigci^, well known to thcin, and they expect hini tu 
be their priest all his life. There is no question of his being called 
xrnnewhere eljrfU, In addition, lie ownf^ land a>i tliey du, axul ih>p^ snina 
farming. After being ordained by Uie bishop, he is left very much on 
his own with his cougregivtion. One cmiditiun ivilh which he must 
confoim i&that he should get married before he is ordolned: otherwise 
he will have to reinsin celibate. Most nf Ihe villagu priejrits are mnr- 
rietU w hick is prefonx^ by the community. On the other hand, celi¬ 
bacy is required in all oi her wtatuifes of the hoirarchy, from the monk 
tcj Ihe ijntriardi: but this heirai^by has very little to do with \ilI 3 igB 

irrlter'i nrtUIO, “Ac^uUumtion na Arib-Syriiui C^umhlXr In Ibp Jh¥.ii 
S 4 »iuh,'' Ani«r. SodoL toL e, Jun-tf iiHi 
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life In cetvnioiiies, fetivak, interrillagc relfttions and legjil affiiiiifi, 
the local church i$ named after, and identifiiHl with, its own Tillage 

canixiiiitlUy. 

THK COSlMUNriT 

So f»r we have shfm'n linw ImjkIj ngrleulturet family, and church 
weave a pattern of life for the Arab felhh. To complete Llie iluacrip- 
lion of the pa Item, one mnnt uli^meiit i^ioiild bo discussed. This is 
L-uitmiimity life os a wholct which is dependent uimji die other ek- 
mentSf yet goes heyoiid them. Short of the association and cmotionRl 
experience afforded by the totality of thn c^jinmurnty, the fell^hU life 
iH incumpleie. The village more or less, his self-sufficient world. 
Under the discussion of its physit^al Htnittm^c above, we emphasized 
its nuckattHl nature and m^cafed how clearly it cjin b« identified. 
This clarity of the physical baiindari#iH ia a true rcHeetion of a complete 
form of HKMKriation witbirii of which the individnal h as much ns 
he is part of his family^ churt^h^ and agrieultuml occupation. 

The fell<iA ia always conscious of the fact that be is a member of a 
certain comm uni ty\ and h^ knows wliflit^ver he giMjH expect him 

to identify himself as such. A stranger is always ■^placed" with 
respect to his village, family, unci rhurch. Tlie influence of the 
conimuiiity i»xteiidH also to agriculture. Thk is obvious in the cose 
where communal ownership of the land prevails, as disouxried above. 
Even where land is j^rivatply ownc^d, rutation of crops, grazing 
gixmruLf, dates of harvesting, and appointment of crop gnartls are all 
fixed by tht village as a wdude. Marriage within the settlement 
prefurabk to marriage with an outsider ? and individuals iisunUy 
conform^ IVe have indirateti uiaive liow the local church is identified 
primarily witJi the community + rather than with the mother rhuivh. 
In interviilage competition or conflict loyalty tu the local edmmumty 
asserts ilRKlf in an unmistakable manner and is expected from evary 
individuaL Practically every village haw tlRVeli>]afd a sort of fi repu¬ 
tation, a general clmractcr, by w hich it is ^vell known in the surround¬ 
ing area. This may be ll^e pnjwess of ita youth, ita koxniDg, the in¬ 
dustry of ita farziicrs;, its loose morals* etc. 

Local leadership and government also reflect the authority and in¬ 
terest of tiia community. Leaders develop gradually and 
taneously, by measuring up to cBrLH.ln eRtepmoi] qonliUcutioziK. These 
are, ideally, ktid ownership, old age, good family background| gen- 
eroaity, good moral character, and intelligence, which they exprciis as 
'^isdom.*^ Naturally, very few individauls ever attain all of these 
points, and a compromise has to l>e made. UaiuLlly, t.liare b a foriiially 
organized or informal village council consisting of leaders from the 
various kin&hip groups. TTiis repretsentative hi^lj pattlea disputes 
between individuals and decideH iiptin varions village affairs. In some 
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locnlitie^j under the inSuence of the centml goreniment municipalities 
have been etitablklieii^ mtonbern of m^hicli are elected by the people. 

Under the tremendous impact of Western culture, is now being 
brought about by the exigencies of the present global war^ one wonders 
how this village-world of the Middle East will fare. Will it succeed 
in absorhing the idiock atnl maintain its stability| as it did in the days 
of the GreekSi the Homans, the Arabs, and the Turks! WiU the 
prHHeni forceu of cliango—the tractori the atitomobilo, the mdio, tlie 
gun^ and Western ideologies—proro too much for it to control and 
fort;50 it to be uprooted with the rest of humanity t Or will there be a 
chance of selective acculturation under the guidance of an intelligent 
world organisation! 
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Such assigned to women In the Middle East, 
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1. The Vu_Mt WcLLor pishmizieen. North lebanom, 

W-I44*r it by T|rvcn.|i!i nf « 'kirrTifii'iiii n%l3 Aftil B fdihp>' 



i. IN SOM£^ VluLAOdS THE P^PlE DEPEND LlPDN WATER FROM A 
F^uinning Stream for Washing and DniNKiNC. 






SniitK^omui Repoit. 1943,—^TannoOii 


PLATE 3 




THE AncIEIMT waterwheel OF THE ORONTiS RIVER VALLEY IN 
Northern Syria, 

Tht* river currciat turns the wheel and lifts the water to a suitable height, whence it Is conducted for 

irrigation puriwses. 
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1. Typical House in the Bika' Plain, UEBANOhi, 

Nfltfl tbt liiettp oj 4amt cakt* wfilcfi ape taeil fflr fueS- 


2. A Reeip^LANE PWELUNQ FOR SUMHER USE. 







fnnlliicidikH TiliftiHM 


PU^TE 5 



I. The Hvcij^fmy ^TRucruRE or a vili-a^c in central Syria. 



2. The Saha, WHmr markets Are Held, in a VtLLAOE OF 
^UTHEftM PALESTINE. 



^iTudiwiHuin RvpwL 'T^nfMKJi 
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THE COUnxVAfiOSOF VIUkAClE HDklS^S m &:kUTHrFlht PALiEETIHE {!) 
ANCl Th€ INTEniOit Of LCBANOt^ <2>. 



SnuthKnnkn Rtport, 1945 .—Tbiuiolu 
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1. A STONE HOUSE IN THE VILLAGE OF BISHMIZZEEN, TYPICAL OF THE 

MountA iNOUS SECTtoN of Lebanon and Northern Palestine. 



2* general VIEW OF A ' BEEHIVE'* VILLAGE IN THE 
ALLOUITE REGION* NORTH SYRIA. 






SmJihiunLui ttiparl. Tinnm 
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V. D^KinS DREi^D OM the SAJ {the HeateO IFICHM PcaTE in the 
Center) in the Inteheor pf Leuahqn. 

NQEii lb# thin 



Z . BAKiNo Bread in the Village Bakehy Is a Hjghlv 
CooperAT iVE and social activity. 







Plate S 



1. qenefial View of Omve orchard* in the kura VAUL-Fhf* Lebanon. 



2, eLABDRArE TeRRACiNa IS MAINTAINED IN CsnDEn TO PREVENT 

Exct?^5iVE erosion on the mountaineidee. 
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1, A Team of Oxen is the mainstay of a Lebanon Farm- 
The farmer holds the goad in one hand and directs the plow with the other. 



2, The Ancient Threshing Board is Still in use. 
The under atirrace \s studded with hard stones. 




Smith^ofusn Reports 1941.—Tannouf 
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1. Frequently tne Coop is perched jn a tree, and the 
Chickens Learn how to Climb to it. 



An Earthenware Jar serving for a Beehive Is Another 
OLD Agricultural practice. 
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HanHiitON M waons is^mrA v 8 -iMi^-ivd nuaHinoB up Msena aXJw-niA t«wax v 
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3. THte Council of £loer^ Wee"! iwo with governwewit 
Officials tN a 0»uze Vji_l>ge 


2- Arab COFFCE AHD HoaFITAUl y AR£ SvnonvJwious, 
ths mi>rinr ia iA l!i3rlk Ukfi lUY l.'Ujndccl. 









HffiurL. 
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1# THE HAS INVADED THE OUTLYING AnAH VILLAGE. 

HRlhfClNG AHquT FAN-REACHING OhlANGEE IN {TE WAV OF LI FE. 




3, The HETUPNINO ^MIGRANT HAS SEEN ANoTHEFt FOBc£ Of* 
W^lAU CHANGE IN Vll_LAGE OyLTURE, 

Mr bfinp liffriE Irlfq*, Fhlvl>4'r sUdKlBnl i^l llvlni, bimI b prw iKIibOt^lc m lifI^. 




CHEMOTHERAPEUTIC AGENTS FROM MICROBES 


[{y ItofixiT L. 

of Rs^iuiiKtn and 
^milAic^nfan Jn^filiiri-cm 


RETItOSPECT 

Tte treat mwjjt of dj 2 >ease with chemical ngenta is as dd as the prac¬ 
tice of joiedicmc itsdf. Sine© the beginnings of the healing art, there 
Imq been a constant effort to dietniver apucilie remedies for the maladies 
that beset the hiitnan organism* Duriiig the dawn of our pre^t 
ecieoLlfic era, hopes of succees in tliift direction were voiced by some 
of the outfitandirg woritera, such as Paracelsus in the sixteenth ewn- 
tury and Boyle in the seventeenth, but th« Bearch for chemical spe- 
eilics VOS of necesMity roriduciud in an entirely empirical manner. 
Until the twentieth century only tlirec valuable upecific rciuedies 
for infectious diseases had been found; cinchona bark (containing 
quininel for malaria, ipecac (containing emetine) for jiniebic UyBeii- 
tery, and mercury for syphilis. 

The firm establishment of the germ theory of disease, due largely 
to Pasteur during the latter half of the ninetee-nlh century, created 
a rational baiaa for the development of chemotherapy. Today various 
connotations have become associated with this term. To the earlier 
workers it meant the internal disinfection of the body by chemicals 
which would destroy the pathogenic paraaitea without harming the 
host—in the words of Paul Klirlich, the father of chemoihenipy: “by 
ma^c bullets which strike only those objects for wIhm* destruction 
they have been produced.*’ 

The recognition of the powerful bacterield&l action of a number 
of chemicals, such as carbolic acid and bichloride of merctiry, stimu¬ 
lated esiwcUtiomt of the early occomplishment of inner disinfection. 
Desspitc a great deal of lobor, however, this goal was not achieved; tlie 
disinfectants which apjwaretl so promising in t©frt-tul>e experiments 
Were foutiil to be either ineffective in vivo or too toxic toward the 
body. It wos not until 1910, with the introduction of sfilvaraan, or 
*HS06,” developed after yaitt^ of painstaking work by Eiirlich, that 
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successful chemotherapy by a synthetic compound could be regarded 
as accomplished. Hopes were again raised that, having reached this 
milestone, further progress would be rapid, but once again the expecta¬ 
tion proved futile. In the ensuing quarter of a century only a hand¬ 
ful of useful chemotherapeutic agents were developed and all these, 
like quinine and salvarsan, were limited to the treatment of protozoal 
diseases. All experience indicated that the ordinary pathogenic 
bacteria could not be attacked by chemotherapy. 

Then in 1935 announcement was made of the curative effects on 
bacterial infections in mice by the dye prontosil. It was soon shown 
that the action of this compound is due entirely to a small portion 
of the molecule, sulfanilamide. From this parent substance have 
been derived all the sulfonamide compounds so widely used in recent 
years. In a period of half a dozen years approximately three 
thousand derivatives and related compounds have been tested; four 
of these—sulfapyridine, sulfaguanidine, sulfathiazole, and sulfadia¬ 
zine—have been outstanding. The introduction of these drugs has rev¬ 
olutionized many phases of medicine. Dozens of infectious diseases 
have responded to sulfonamide therapy, and the prospects for eases 
of septicemia, pneumonia, scarlet fever, and meningitis, to mention 
only a few, have been dramatically improved. Without doubt 
hundreds of thousands of lives have already been saved by the sul¬ 
fonamides. 

These drugs are not, however, without their disadvantages. In 
many patients they produce symptoms of great discomfort and may 
even cause severe toxic effects and tissue damage. Further, it has 
been discovered that some strains of pneumococci and other bacteria 
are resistant to the action of the sulfonamides, so that a considerable 
percentage of infections by these bacteria is not amenable to the 
treatment. Even in the case of susceptible organisms, there are other 
limitations on the usefulness of the sulfonamide compounds. Their 
antibacterial activity is greatly diminished in the presence of large 
numbers of bacterial cells, even of dead bacteria, and also by the 
presence of pus, blood serum, and various products of tissue destruc¬ 
tion, all of which are very likely to be found in infected wounds. 

^Vhile progress in the sulfonamide field still continues and further 
valuable discoveries may well be anticipated, the successes here have 
served to stimulate rather than to deter investigation of other, un¬ 
related, chemotherapeutic agents. A powerful impetus to these 
studie.s has been furnished by the present war with its greatly 
increased demand for better antiseptics. 

Within the past few years, considerable attention has been given 
to a number of substances which are the metabolic products of various 
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niicro-oi-EBuiams. As yet, the etwJy reached the 

hnnl stage, but already very promising preliminary results have been 
obtained. As is true of most sineiilific advances, the ultimata floTrer- 
ing of tliis field hiis t*en preceded by a hmg preparatory [WritHl of 
scattereil obtservutions whose pr»w:lit:al implications were imrcoognized 
or ignored. During the past three-quarterH of a century niiiueroiiiij 
examples of autugonistic rcktionshipa between various inicro-organ' 
iants have been noted. In many instant'es the inhibitory effects have 
been showti to be due to the production of toxic m uteri a Is. In the 
following account iin aitempt will be made tn stetcli tlie development 
and present etatus of knowlwlge of the more potent antibacterial 
sulietatices which have been ftbtnined from bacteria and fungi. 

AGENITS Fn03] I'HEGUOMONAS AEIIGGISOSA 

In 18T7 Pasteur reported that the injection of anthrax bacilli into 
susceptible animals freijuently failed to elicit the disease when the 
inoculum was contaminated ^th “common bacteria’’ and suggested 
ihnt this obsenation could “perhaps justify great hopes from a 
Ihernpeufic imint of view.” A dozen years later two other French 
hiicteriologists, working independently, antioimccd that by injecting 
cultures of the so-ealied bacillus of blue 

pus. into rabbits infected with atttltrax, an appi'ecinble number of the 
unimnls was prevented from dying of this disease. 

Pyoci/An<t$e >—-This diKcnvery aroused a great deni of interest and it 
was soon uliown, til's!, that a sterilized culture of Pt^iidomonan could 
be employed in place of the living bacteria, and theji that an active 
material could l« obtained from the cuUuj'b fluid itself after removal 
of I he cells. Minute amounta of this product, origimilly belicr-ed to 
be an enzyme and dt^gnated "■pyocyanaee” after the old name 
flojnOTut-H pjfooyofwii) of the organism, were capable of causing the 
dissolution, or lysis, of billions of cells of staphylococci, pyogenic 
streptococci, tlie bacilli of diphtheria, plugUG, typhoid, mid anthrax, 
and the cholera vibrio. 

During the early years of the present century, pyocyann«e was 
pm()lnyed therapeutically to a considerable extent and was produced 
on fl commercial scale in tjermany. FavurablH results were rv|>ortod 
in the treatmcjit of a large nuinlier of diseases, including anthrax, 
diphlheria, cerebiwipinal meningitis, infetlious catarrh, wounds and 
abscesses, na ■well as many infei'tioiis of the eyes, mouth, and skin. 
In general the Fiirface infections were trealfal with greater success 
than these of more deep‘Seated occurrence. Later, however, there 
Iwgaii to accumulate a number of reports of negative and inconsistent 
rosulta, and interest in the thereiieutic use of pyocyana-ne waned. 
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Studies of the physical and chemical jiroperties of the substance also 
resulted in lack of agreement. 

The reasons for most of the observed discrepancies are now appar¬ 
ent. In recent years it has been demonstrated that several anti¬ 
bacterial substances, winch differ in their mode and specificity of 
action, are produced by Pseudomonas aeruginosa^ Furthermore, dif¬ 
ferent strains of this organism do not behave alike in their elaboration 
of the various compounds and, moreover, for a given strain the pro¬ 
duction of each of the active agents is influenced by a number of 
environmental factors. The methods of extraction also are of 
importance in determining the composition of the antibacterial 
preparations. 

Pyocyanic acid. —^In 1908 it was found that the bactericidal activity 
of pyocyanase, as well as of PseudomoTias aeruginoBO, cultures, could 
be extracted by various organic solvents. That pyocyanase really was 
an enzyme had already been questioned by a number of investigators 
and this new finding was interpreted as evidence that the active agent 
was a fatlike substance. The extracts were demonstrated to possess 
the ability to dissolve, or lyse, red blood cells, as well as bacteria. 
Several investigators attempted to identify the active compound. In 
1933 an active substance which appeared to be a fatty acid was iso^ 
la ted and named “pyocyanic acid.” This compound has not yet been 
identified and its precise chemical structure is unknown. It is quite 
potent against certain bacteria; complete inhibition of the growth of 
the cholera vibrio is produced by 0.001 percent, of the anthrax bacillus 
by 0.005 percent, of staphylococci by 0.02 percent. Somewhat higher 
concentrations cause lysis. Pyocyanic acid is a surface-active com¬ 
pound, that is, in aqueous solutions it has the property of acciimnlating 
at the interface between phases, such as at the water-air boundary, 
and of reducing the surface tension of the water. This property, 
which is characteristic of detergents or cleaning agents such as soap, 
seems to be of importance in its bacteriolytic action, inasmuch as a 
number of other detergents have been found to produce similar 
biological effects. 

The purest preparations of pyocyanic acid thus far tested have 
been found to be moderately toxic to mice. No attempt has yet been 
made to use the substance therapeutically. 

Pyocyanim. —One of the most obvious characteristics of Pseudo- 
m/mm aerugmosa is the production of a water-soluble blue pigment. 
As early as 1860 this pigment had been isolated from blue pus and 
gi ven the name “pyocyanine.” Not until 1929, however, was its chem¬ 
ical nature elucidated and its synthesis accomplished in the labora¬ 
tory ; it was the first natural product demonstrated to belong to a class 
of organic substances known as phenazonium compounds. There is 
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considerable evidence that the pigment may play a role in the meta¬ 
bolic activities of the bacterial cell. 

In 1932 it was shown that pyocyanine is fairly strongly bactericidal. 
In 6 hours the causal organisms of anthrax and diphtheria are killed 
by 0.026 percent; numerous other species are also susceptible, although 
to a lesser degree. The pigment is about twice as toxic for mice as is 
pyocyanic acid. Promising results have been obtained in preliminary 
trials in which the noses of diphtheria carriers were sprayed with 
pyocyanine solution. 

a-Hydroayphenazine, —In adition to pyocyanine, Psevdomonaa 
aeruginosa produces a number of pigments which have been less thor¬ 
oughly studied. One of these, a decomposition product of pyocyanine 
known as a-bydroxyphenazine, was shown in 1935 to be bactericidal 
toward a large variety of organisms. This compound is not very 
stable, so that its activity rapidly decreases with time; in tests of 
short duration, however, it has proved to be highly potent. The 
growth of the cholera vibrio, for example, is completely inhibited by 
a concentration of 0.00013 percent. The pus-forming streptococci and 
the pneumonia bacterium are about one-half as sensitive. The toxic¬ 
ity to mice is le^ than one-fifth that of pyocyanine. Therapeutic, 
trials have not yet been reported. 

The increased knowledge of the multiplicity of antibacterial agents 
produced by Pseudomonas aeruginosa sheds considerable light on the 
contradictory experiences of the older workers with pyocyanase. It 
is now clear that different preparations contained these components 
in varying extent. Pyocyanine was doubtless present in many of 
them. In view of the many favorable results obtained with the old 
unstandardized preparations, a reexamination of the possible applica¬ 
tions of the pure components seems desirable. Against staphylococci, 
streptococci, the organisms of typhoid and paratyphoid fevers, as well 
as other micro-organisms, pyocyanine and a-hydroxyphenazine, have 
a much greater growth-inhibiting, or bacteriostatic, potency than the 
sulfonamide drugs. The action against several pathogenic fungi also 
compares favorably with that of the common disinfectants. Owing 
to the toxicity of the Pseudomonas agents their potential usefulness 
would appear to be limited to surface or localized infections. The 
high potency against fungi which are responsible for such infections 
suggests a possible therapeutic application. 

AGENTS mOM BACILLUS BREVIS 

The remarkable diversity of the chemical transformations brought 
about by the varied bacterial population of the soil led Dubos, at the 
Rockefeller Institute for Medical Research, to attempt to isolate 
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therefrom an organism capable of attacking Gram-positive cocci> 
The technic adopted was to add, from time to time, suspensions of 
living streptococci and staphylococci to soil in the hope of provoking 
the development of a microbial flora able to utilize these ceils. In 1939, 
after a period of 2 years, he was able to announce the success of the 
experiment. There was isolated from the soil a bacterium, identified 
as Biicillug hrevis^ which brought about the lysis of living staphylo¬ 
cocci, streptococci, and pneumococci, A short time later Hoogerheide, 
who had been working independently at the Franklin Institute, also 
reported the isolation of several strains of soil bacilli which pro¬ 
duced antibacterial substances. Other species, endowed with the same 
type of antagonistic activity, have been obtained also from sewage 
and from cheese. 

Tyroihricm^ gramicidin^ and tyrocidine,~lt was soon found that 
the lytic properties were exhibited not only by the living BaeiUm 
hrevis, but also by cell-free solutions obtained from old cultures in 
which self-digestion, or autolysis, of the bacteria had taken place. 
From such solutions there have been obtained several active fractions 
which differ in chemical composition and in biological properties. 
Apparently these various substances are derived, through the proc¬ 
esses of autolysis and the subsequent manipulations of extraction, 
from a single parent substance originally present in the bacterial 
cell. On acidification of the culture fluid there is obtained a protein 
precipitate from which a protein-free active substance can be ex¬ 
tracted with alcohol and precipitated with salt solution. The material 
obtained in this manner has been, designated ‘Hyrothricin” after 
Tyrotkrix^ the old generic name of a group of bacteria early recog¬ 
nized as having antagonistic properties. About half a gram of tyro- 
thricin can be prepared from a liter of bacterial culture. Tyrothricin 
has been further separated into two active components, named "‘grami- 
cidin” and ^‘tyrocidine,” which account for approximately 20 and 50 
percent, respectively, of the parent material. 

Both gramicidin and tyrocidine have been isolated in pure crystal¬ 
line state and considerable information concerning their chemical 
properties has been obtained. Both compounds are complex poly- 

' In the stafning technie demised by the Danish bacteriologist Gram, the bacteria are 
treated successively with a dye, such as gentian violet, with Iodine, and with alcohol. 
Those which are decolorized by the alcohol are termed Gram-negative, whereas those which 
retain the dye are Gram-positive Although the Gram stain was introduced as a purely 
empirical procedure. It baa been found to diHerentlate bacterial species Into two fairly 
sharply dehned groups which differ also in numerous structural and physiological character- 
letlcs. The reason for the difference In staining properties is not entirely clear but presum¬ 
ably Is related to the properties of the cell wall. 

Of the common dlseaseprodijoing cocci, the streptococci* staphylococci* and pneumococci 
are Gram-positive, wheread the gonococci and meningococci are Gram-negative. Among the 
Gram-positive bacilli are the causal organisms of diphtheria* gas gangrene, tetanus, tuber¬ 
culosis, leprosy, and anthrax : Gram-negative bacilli Include the agents of typhoid and para¬ 
typhoid fevers* bacllLary dysentery, bubonic plague, nud undulant fever. 
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peptides constructed in a fashion somewhat similar to the common 
proteins but differing from these in a number of important details. 
The precise empirical formulas are not yet known; gramicidin ap¬ 
pears to be approximately CtiHioiNisOis) while tyrocidine may be 
Ci 2 «Hi(iBN 2 e 02 a or possibly a unit one-half this size. 

Although both gramicidin and tyrocidine possess antibacterial 
activity, and despite their chemical similarity, their biological proper¬ 
ties are quite different. The action of gramicidin is primarily bac¬ 
teriostatic; the gi’eat majority of Gram-positive species tested are 
highly susceptible, whereas the Gram-negative bacilli are entirely in¬ 
sensitive. Tyrocidine, on the contrary, exerts a marked bactericidal 
effect upon both Gram-negative and Gram-positive organisms. 

Tyrocidine causes the lysis of a number of bacterial species, whereas 
gramicidin has no such effect. It appears likely, however, that the 
dissolution is not a direct result of the action of tyrocidine but rather 
is a secondary self-digestion brought about by the bacterial enzymes 
after the cells have been killed by the bactericidal agent. Gramicidin, 
on the other hand, does not occasion the lysis of even the most sus¬ 
ceptible bacteria. 

Both agents cause the dissolution of red blood cells, but the 
mechanism of the action is quite different for the two substances. 
The hemolytic effect of gramicidin becomes apparent only after several 
hours, although it may be elicited by very small amounts of the 
agent. The action is completely inhibited by the presence of glucose 
or certain other carbohydrates. Tyrocidine, contrariwise, produces 
immediate hemolysis irrespective of the presence of glucose; its action, 
however, is inhibited by blood serum to a much greater degree than 
is that of gramicidin. The hemolytic activity of gramicidin and 
tyrocidine seems to be influenced by factors which are not yet entirely 
appreciated, as conflicting results have been obtained by different 
workers. 

The mechanism of the action of gramicidin and tyrocidine on cells 
has been studied to a greater extent than that of most of the other 
natural antimicrobial substances. Tyrocidine acts much like a gen¬ 
eral protoplasmic poison. It induces an immediate and irrevei-sible 
cessation of metabolic activity which, in many cases, is followed by 
cellular disintegration. Its action in these respects resembles closely 
that of certain detergents, as do also its behavior as a protein pre¬ 
cipitant and its surface activity. 

While gramicidin has many of the physical and biological proper¬ 
ties of detergents, there is considerable evidence that its antibacterial 
activity is not due to these characteristics alone, although its tendency 
to concentrate at the bacterial surface well might enhance the action 
due to other properties. The effects produced by gramicidin are 
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greatly influenced by the composition of the mediiiin* In the presence 
of glucose (or some other substrates), phosphate, and potassium, low 
concentrations of gramicidin markedly stimulate the respiration of 
various cells. Small amounts of certain substances, e. g., the am¬ 
monium ion, prevent this stimulatory effect. Higher concentrations 
of gramicidin may cause complete inhibition of respiration. It is 
known that the cellular oxidation of carbohydrate is brought about 
by means of certain phosphoric acid compounds. Kecently there has 
been procured evidence that the formation of one of these compounds, 
adenosine triphosphoric acid, may be inhibited by gramicidin. This 
agent thus does not behave as a gross protoplasmic poison but appears 
to exert its bacteriostatic effect through an interference with the 
energy-supplying processes of the cell. 

The antibacterial activity of both gramicidin and tyrocidine is 
reduced by serum and tissue extracts. Tyrocidine is inhibited also by 
proteins and peptones. Of a large number of pure substances which 
have been tested, only a few^ belonging to the class of phospholipides, 
have been found to possess the ability of diminishing the gramicidin 
potency. A gramicidin-neutralizing fraction rich in phospholipides 
can also be obtained from Gram-negative bacilli; whether this ma¬ 
terial plays a role in the nonsusceptibility of Gram-negative organ¬ 
isms to gramicidin has not yet been established. 

Both gramicidin and tyrocidine are quite toxic when administered 
intravenously or intraperi tone ally. This, together with the lowered 
effectiven^s in the presence of various biological substances, would 
appear to preclude the therapeutic application in systemic infections. 
For the treatment of many types of localized infections the prospects 
are much brighter. A considerable number of clinical trials with 
very favorable results have already been reported. In vivo, gramicidin 
is a much more active agent than tyrocidine. In practice the mix¬ 
ture of the two—tyrothricin^—has been used much more extensively 
than gramicidin itself, inasmuch as it appear^ to possess some ad¬ 
vantages, as well as being much more easily produced. Tyrothricin 
is now commercially available. 

Among the diseases which have shown favorable response to tyro- 
thricin therapy are inflammations of the nose and sinuses, bladder 
infections, empyema due to streptococci, postoperative wounds, and 
burns. Skin ulcers which had persisted for years, despite various 
forms of treatment, have healed after a few weeks, or even days, of 
tyrothricin therapy. In general, streptococcal infections are more 
amenable than those due to staphylococci or pneumococci. Good re¬ 
sults have been obtained also in the treatment of bovine mastitis, a 
streptococcal infection of the cow^s udder. 



CHEMOTHERAPEUTIC AGENTS—^WEINTRAUB 553 

The application of tyrothricin after surgical operations on the nose, 
sinuses, and mastoid has been reported to prevent postoperative in¬ 
fections and so to reduce fever, swelling, and pain in a number of 
instances. There is some indication also that the process of wound 
healing may be stimulated by this agent. 

On the other hand, it must be pointed out that among even the 
susceptible species of bacteria there may exist, or be developed during 
the course of treatment, strains which are very resistant to the action 
of tyrothricin. Treatment with this material may occasionally fail 
also in the presence of a mixed bacterial infection, inasmuch as certain 
Gram-negative bacteria appear to counteract the activity against 
susceptible Gram-positive forms. A further point of importance is 
that the infected area must be accessible to local treatment. 

Obviously, gramicidin (tyrothricin) is not a cure-all but, with due 
regard for its limitations, it would appear to furnish a valuable addi¬ 
tion to the medical armamentarium. 

AGENTS FROM BACILLDS MESENTERICUS 

Another spore-bearing bacillus which has long been recognized as 
having antagonistic properties is Bacillus mesentericus^ the so-called 
potato bacillus. In 1904 it was shown that the antibacterial principle 
occurs in the culture medium and can diifuse through a collodion mem¬ 
brane. In 1939 the active agent was identified as a mixture of isova¬ 
leric and oleic acids, both of which are well-known chemical com¬ 
pounds found in biological materials. Oleic acid, which is especially 
widespread among plants and animals, is the more potent of the two 
and also possesses hemolytic properties. The agents are especially 
active against diphtheria and pseudodiphtheria bacilli, although other 
bacteria are inhibited by higher concentrations. 

OTHER AGENTS OF BACTERIAL ORIGIN 

A great many instances of bacterial antagonism have been described 
and the indications are that a considerable proportion of these is due 
to the production of specific inhibitory substances. The information 
available is so fragmentary, however, that a detailed discussion of 
these agents would not appear to be justified in the present account. 
Some of the bacterial species from which ceU-free antimicrobial prep¬ 
arations have been obtained are: Pseudomffnm puorescms, Psmdo- 
rrumas pwtida, Psaudomonas pAospAorcsceraj, Proteus vulgaris^ Ser- 
ratia Toarcescens, Staphylococcus aureus^ Staphylococcus alhus^ Kleh~ 
sieUa pneumoniae. Vibrio comma, BadUus adhaerens. Bacillus 
anthracis, BacUhis nvyeoides, Bamllus stAtUis, BacMus simplex, Ba- 
djOm cereus, Escherichia coli, and Mycobaeteriwm, t'idierculosix. 
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AGENTS FROM ACTINOMYCETES 

The actmomycetes comprise a large group of organisms somewhat 
iiitennediate between the true bacteria and the higher fungi. They 
are very widespread in nature, occurring in soils, composts, and water 
basins; the gioup includes also several species which cause diseases in 
plants and animals. 

In 1890 an Italian worker observed that certain actmomycetes were 
able to destroy the cell membranes of many bacteria and fungi* In 
the ensuing third of a century no further study of this phenomenon 
appears to have been undertaken. During the past two decades, how^ 
ever, investigations in a number of laboratories have provided evidence 
that several antimicrobial substances are elaborated by actmomycetes 
and that antagonistic properties are widely distributed among various 
strains of this group of organisms. To date only a few of these active 
substances have been studied to any extent. 

Actinomycetin. —In 1924 two French workers who had been study¬ 
ing the lysis of killed staphylococci sought to isolate, from air or 
water, micro-organisms which could bring about this process. They 
succeeded in obtaining an actinomycete which was capable of causing 
the disintegration of a large number of microbial species. 

The production of the disintegrating agent, or lysin, occurs in 
any medium which permits the growth of the actinomycete and com¬ 
mences at the time of spore formation; prior to this stage no activity 
can be demonstrated in either the culture medium or the cells of the 
organism. Preparations of the active principle, w'hich has been 
designated ^^actinomycetin,’^ are protein in nature; however, as they 
are further purified, the ratio of protein content to activity decreases. 

As previously noted the living actinomycete is capable of lysing 
a great variety of living bacteria and molds. With the exception of a 
few strains of Streptocoeem pyogenen^ Staphylocoeem aurem^ and 
Klebsiella pneu^ioniaei the micro-organisms are resistant to the cell- 
free filtrate of the actinomycete, however. But if the bacteria are 
first killed, by whatever means, they become susceptible to the sterile 
actinomycete culture filtrate. Actinomycetin preparations which 
have been concentrated to the extent of a hundredfold increase in 
potency exhibit the same type of action and specificity as the crude 
culture filtrate. It thus appears that at least two principles are in¬ 
volved : a lytic factor which can act only upon dead micro-organisms 
and a bactericidal factor which exists in the culture medium in a 
relatively inactive foim, albeit sufficiently active to kill the few 
susceptible strains enumerated. 

Support for this view has been contributed by the recent discovery 
that on extraction of purified actinomycetin with ether there is ob¬ 
tained a fraction bactericidal to a number of Gram-positive bacteria. 
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The role of the actinomycete cells is visualized as that of freeing the 
bactericidal agent from its hypothetical inactive complex. Evidence 
for the tendency of the bactericidal substance to form such com¬ 
plexes is considered to be furnished by the finding that the bacteri¬ 
cidal potency is much less in complex media than in solutions of 
inorganic salts. 

While information on the chemical nature of the active agent is 
still very fragmentary, it is thought by some workers to be a fatty 
acid. This is very suggestive of a parallel with the agents of BaeUhts 
Tneaenterioiia and of the pyocyanic acid of Psevdomonas aemginosa. 
At least one pigment with antibacterial activity has also been isolated 
from another species of actinomycete, although most of the pig¬ 
ments produced by this group of organisms do not appear to have 
such activity. 

No direct therapeutic use of actinomycetin has been made; it has 
been found, however, that the actinomycete-produced lysates of a 
number of pathogenic bacteria are very good antigens and much less 
toxic than the organisms themselves. Favorable results in a number 
of eases of various infections in man have been claimed through the 
use of such lysates. 

Actinmnycins A and 5.—From cultures of another actinomycete, 
Actinomyces antibioticus^ there has been obtained a strongly anti¬ 
bacterial preparation which was termed “actinomycin.” Subse¬ 
quently this material was separated into two components, both of 
which exhibited activity. These have been designated “actinomycin 
A” and “actinomycin B.” Both substances have been obtained in 
crystalline form. 

Actinomycin A, which is a bright red pigment, has been studied 
chemically to some extent. Its structure is not yet known but it 
appears to be a polycyclic nitrogen compound; possible formulas are 
C^HsbNsOj, and CsjHaoNrOio. The compound has a high degree of 
antibacterial activity which, for a given organism, may be bacterio¬ 
static or bactericidal, depending upon the concentration and time of 
action. Gram-positive organisms are considerably more susceptible 
than the Gram-negative forms. Among the susceptible bacteria are 
streptococci and staphylococci, which are inhibited completely by con¬ 
centrations of 0.00001 percent; the gas gangiene bacillus, inhibited by 
0.0001 percent; and the tubercle bacillus, inhibited by 0.001 pei-cent. 
Tlie mechanism of the killing effect by higher concentrations appears 
to be a chemical interaction similar to that of the common antiseptics. 

Unfortunately actinomycin A is exceedingly toxic, so that its internal 
administration is precluded. Whether it would be useful in surface 
application remains to be determined, 

Actinomycin B has been studied to only a limited extent. No in¬ 
formation as to its chemical nature is yet available. Some difficulties 



55G ANNUAL RRPOiW SMITHSONIAN INSHTHTION, 1943 

have beflti KiK-oimiered in obtaining priipuml UiTia of unifoim anti- 
bacterial actiTityj lha BubaLunoe apparently Jias eoruporatively little 
bacterio&LiLtia actiWty but is more JugJily bactericidal than the A 
component. 

JStTeptoihricWt —This antibacterial agon I ^ which is produced by 
Actimtaifces lavend'ulaey has the properties of an oiyiuiie base; up to 
the present it has not been pi eparetl in pure condition. In the culture 
fluid it secmij Ui be lusKH-iated with protein. The crude etreptothricin 
is strongly bnctotiostatic toward a tauisiderable variety of Oram-potsi- 
tive anJ Greni-negative organisms. For example, SruceUa aborttu, 
the etiological agent of undulant fover, is inhibited completely by O.OOl 
percent; l>.003 iH*rcent is inhibitory for die musal organisms of i>ai*a- 
typhoid fever, of hog cholera, and of infectious abortion in mares. 
Li liiglier concent rations streptothricin in .also bactericidal, 

It has been reported that iu guinea pigs eipcrimentally infected with 
liruceila aiorti«f,tho pathogens can beelljiiinnted or reduced in number 
by administration of streptuiliridn. 

Pr^thttmyQin—T\m name has been givsn to an antibacterial sub¬ 
stance extracted from cijltiiiKat of a species of LiL-w 

stieptothricin, it sn^ems to be on organic biuw. Its action is primarily 
bacleriuatutic. Thu gi-owtb of the pneumococcus is Inhibited by 
y.OUOOT percent; 0.U0Q2 percent iiibihita streptococci, staphylococci, 
iiieriiiigfamcci, and anthrax bacilli. Proactinomycin is moderately 
toxic to mice. White blucsl corpuscles are utiafleeted by concetiirti- 
tions well in eicess of those required for the Inhibition of the micro- 
oigaiiiama specified above. 

Microm^netporift. —'Tills agent, obtained quite recently from a spe¬ 
cies of Mierfm^mospoTat has been but little studied. It is bacterio¬ 
static toward a number of Gram-positive bacteria, wlieroas all the 
Giniii-Iii^gative orgtulisms tested liave been found very resistant to 
its action. 

Apjoayme.—In 1U22 Fleming discovered that various tiasiics ami 
secretions of ihe body contain a aubulam-e capable of causing the dis¬ 
solution of a variety of bacteria. This flguiit, named "lyflostynie,’* is 
present also in egg white. A bacteriolytic Suiisrtance prcpltml by 
Hussion inv^igjiiors from Aothwmyofji violaeem lias Iieen regarded 
us possibly identical with lyaozymc, although there appear to lie dif' 
fcrem:e« in certain proiM?rtiea of tJm two agents. The Aitinmnyetin 
lysozyme, which is of pivjtein nature, exhibits n Belective art,ion against 
certain bacterial species but can dissolve both living and dead cells. 

AGNNTS FHOM aiOJfJDit 

/VmWWiw.—in litgft Alexander Fleming, the English bacteriidogiat 
who a few years previously bad discovered tim tysozyme iif tissues, was 
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milking 0 . ^wly af staphylococci. Culture dishes of the bactcrio were 
kppt in tli« IsilMiratory fur ppritKlju iuHpiirLifliij litiring whlrh Llifsy 
were Imposed to the air, Flcmitiir noticed that in one disht which had 
con tnni inn Ifni with fi mold {sdmilnr to the common blue mU- 
dew on jam or citrus fruits), the surrounding Stapkylo^ioccm colonics 
became transparent and were diBsolTetl. This is the type of obeervji- 
tion of a chance occurrence which is frequently made by scientific in- 
restigntoTTi, But it is only by the alerts inquisitive, and trained worker 
that further exploitation is In the words of Fasteur: "Chance 

favurs the mind that is prepared/^ Fleming transferred the mold to 
a liquid nutrient siilullan and found that there apiieareEl in the fluid 
a subst^ce that was markedly inhibitory toward many of the more 
common dJseaf^-produehig hiicterin^ Thu mold wrs later identified 
as PeniciUhm notattifri and its bactericidal cultuin filtrate was des¬ 
ign attni **[>e?iidilin.” Recently a prepanition with very similBr 
ontibacicrial properties has Lean obtatned abfi frfim Ft^nierllitim 

Fleming rkurly realized the pot^siit ial utility of the active material 
as a chemothcrapoutic agents which must hare two essential chamcler- 
isLice: ability to inhibit patlifigenic organisms and low toxicity toward 
living tissues. FcnicilHzi was found to combine these propt^rties to an 
unusnul extent. It whs not at all toxic to animals but was at Iea5t 
twice jlS jiowerful an inhibitor ne carliolic ficid io^vanl Hetirtitive organ- 
isms, such as the various pus-producJng cocci. 

Local application of penicillin to septic wounds was tried in a 
limiti^ luntiljer of eose^ with generally favomble, although nut 
miraculous, results. The further investigation of the substance as a 
therapeutic agent STiffered fi^mi n eerimiic 1iandica|i—it wai? very fJilE- 
cult to prepai'C in sufficiently large quantity and in purified condition, 
owing chiefly to its chemical instability which nesuUcfl in of nnti- 
bacteriai activity. lu the decade following its discovery, no further 
progress along this line was made^ although it was employed for the 
pur|Kise of isolating certain types of bacteria which, on the cirdiuHry 
culture media^ were overgrown by accomjianying s|>ecies. By this 
means it woKi^lii^wn tliat the so-called influenza bacillus wan pn^ent in 
the mouths of all normal persons examined and hence was probably 
not the causal organiKm of cpiElemic ijifluetiza,. oa had tliRretofore been 
widely assumed. More rceentlyt penicillin has been used to bolaie 
the acne bacillus from none piifftides and m to make possible a simple 
method for the preparation of autogenous vaccines of the organiBin. 

Thu discoTiary and rapid developjni^nt of the sulfonamide drugs 
since had stimulated renewed interest in diamoihrirapy, and the 
success of gnimic-idin had directcfl attention to the antibiotic ageiiLs 
of microbial origin. In 1940 a s^eHreh leani at Oxford University 
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eotniuenced it i>oticcrted uttuck cm tlw ]>c.miciilin prohkm from 
flirwtions; the promise of the initial results inspired a large number 
of investigators^ on l^otli Hides nf the Ailantlfi tci take ttp the work. In 
I be TTnited States a number of governmental laboratories are now 
partidpating in this reseurrh. 

Obviously the widespread utilization of any rare biological product 
would be groally facrilitated if tlie Hulintiirii'e could l^e prepared artifi* 
cielly* In recent years we have seen numerous instancc^i of the rapid 
extension of us« wlncli folio ivh ihc enecess of the chemist in sjTithesiz- 
iTig Tiatiiml materials j some of the vitamins are outstanding ejeaniplea. 
Further than this there always exists the posaibility of improving na- 
ture^H prcHluct by Home mcHjifindion of the chemical structure of the 
molecule^ As a matter of faett it Is not the Kynthesas hui the det#>r- 
juinaLioii nf the Htnirlunp; of the nntiirHl product which is the funda¬ 
mental and difficult problem-^ for once the dirmicnl paticrn is known 
the synthetic cheniint can uHijally devise one or more ways to duplicate 
it by storting with much less nare and expensive miUerialH, 

Ah in the fsunuiis reci[>e for rabbit stew, so the first retjuirement in 
elucidating the stiuctura of a chemical in to obtain ii enpply of the piira 
material- This was the problem ivhich confronted the Oxford work¬ 
ers. A method w’as worked nut for grtivving the l^enicrlJmmr on shal¬ 
low' layers of liquid in special stoneware bottles for a period of 10 dayn 
after which the Buid was reTnovejd for extraction of the penicillin. 
All operations must be perfomed witli the iiiuaL exacting btiol eriologi- 
ral cleanliiieHH, since certain bacteriat if they gain access to the so!u- 
rionSf cause a markeil raduetjon in tins yield of active materinh Nor¬ 
mal ly idKiiit 14 gHlIon."^ of culture solution could be harvested each day, 
an amount which eontaiiiN al>oiiL nne-half gram of penicilliOt although 
only II [lart of this can be obtained in purificil form, due to the 
which occur during Ojp many stsgps of the purification process. 

C^Tiite recently therci has been workesi mit, on a laboratory scale, n 
continuouH^finvi' nirthixl aimilar to that used for the j>riKluction of 
vineguf* The mold is cultured in a long glass column packed with 
w(hhI uliav jhgN. Freah culture medium jh slowly dripiied in at the top 
imd the fluid contaijiiiig the [wnicilUn ia constantly drawn off at the 
bottom. At Iho lime of writing (summer of 1044), a largii number 
of pharmaceutical concerjiH arc engaged in production of penicillin; 
Nonm nf ihoso have already progressed to the pilot-phmt stage. 

Penicillin has iint ho fitr bwn obtained in absolutely pure form, m 
tlijit its chemical constitution cannot us yet he fully detennincd+ For¬ 
tunately it ban tunird out that certain derivativeH may he jireparrd 
from penicillin which^ while j‘eLaiii]ng ita full antibacterial activity, 
lire also |>rnnanently steble and ma)^ be kept iiulpfinilely. 
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Thfi iictinn of [miUiillin, like tUut of the variouH ftiiifijiianiide dnigs, 
i$ dilfereiit from ttist of tbe tililer antiKeptics^ in that these tiawer 
dieiuotlior:i(jeutic Agents net only on cert&iu sti-nhis or species of hoc- 
teritt and also in that their notion is iirininrily im inhibition of tlic bac- 
lerial developuii-nt., rather than a killing of the gwniiK. Tiie mode of 
action of penicillin appears to be an interference with the processes of 
rail ilivision while growth may be allowed to proraetl, resulting in very 
greatly lengthened rods or sw'ollen spheres. 

Among die rnicroHirgAnisms most suscoptibtn to iienicillin in test-tube 
experiments are the gonococcufi {the caiif^l organism of gonorrhea in 
man), thu mtiiiingiK^orniB (responsible for about 70 iiercent. of all iiciite 
rases of cerebrospinal meningitis), Staphylococcus {the most 

frequent raiiw of abscesses, boils, and many surgiral suppurations), 
the pneumoeoeeus (prmdjiul Rtiologiral factor in lobar pneumonia), 
Sireptocoaoui pyegoncs (found in human infbi;iionB of very vuriecl 
tjiTXIs), Chatridhua tstani and Clostridmm wclchii (the Lelatius and 
gangrene bacilli, respectively}, and the anthrax bacillus. Eela- 
tively resistant pKlhogonic organisms, on the other hand, include the 
bacillns of tuberculosis, the vibrio of Asiatic cholera, the oiganisins 
of undulant fever, and certain types of dysentery bacilli. 

The exact potency of [leiituillin raiinnt, of course, be ascerbiined 
until die pure compound is available. ScTertbulese, the activity of 
even the impure material fur exceerls tliat of most other aiitiKepticR. 
'I'buK 1 part of peuieillln in GO mill Lou parta of culture fluid com¬ 
pletely inhibits the gniwth of staphylococci j partial inbibition is 
obtained at dilutions of more tliaii ftOO million. In comparison with 
gramicidm, the antibacterial agent obtained from rartain soil bacteria, 
penicillin ia 2G to 40 times as potent ag{)in.st stftphylococL-i. Addi- 
ticinal advantages of very great importance ara tlio remarkably low 
toxicity of jie nielli in toward animals and Its luck of inactivulion hy 
pus, blood scrum, or products of tissue break-down. Indeed, it has 
been raportnd even thnt the bactericidal action of pmiirillin, in some 
cases, is cnbaticed by blood and ecrutn. 1| Ik so innocuous thnt it cun 
Im introduced directly into the eye in the treatment of 
eonjunctivitiSL 

Even the firat cliriirHl trials b}' the Oxford workers, uhhough per¬ 
formed with an impura penicillin preparation of relatively low po¬ 
tency and hampered by kek of material, were atteijdi.il by dramatic 
results; In these studies tlie scarcity of the tbenipeutie agent was ko 
great, indeed, that advantage waa taken of its rapid excretion by the 
kldtinys; penicillin wim recovered from the urine of treatdl palients, 
repurifl^, and reused. 

With the increasing availability of ponieilltn, it hQt<.iMH<n ptissiblc 
to noiilitin the early promise. A HUraessfully treated case of Sin- 
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phylococcuA auretiit iiififcliori i« iJluB^^vted in 5+ An infection 

of ilm ty|w, complicated by blood polsonmg, is oJnujst uiiiven^iilly 
ffltab The patients :i 4“yesir*oId ^rb presumably became infected 
after biting the inside of her cheek. Eediiess mid ttwening of the 
jaw appeared, nin] wiLhin a few days the child*s condition had become 
rrii.Ic:i]. Much of the tissue of the lloor of the ninuE.h lisii l>een killerb 
nnd the tongue wiui nerirly froEon to the bard palate. She was unable 
tfi slflippj could breathe only with difficulty and had a temperature of 
Thei^ WHJi evirhmea of pneumonia in one lung. Ptukicillin 
ndminiHtration was begun. WiLhiri B6 hours the staphylococci had 
disappeared fi-oin tJie bluod^ Within hours the child was again 
able to BwalioW| was breatiling easily^ ami could take a liquid diet by 
mouth. By the next. daVt she wjis able to cat solid foods, ami by the 
ninth day the temperaturo was norniuL TIk^ total iimount of penicil¬ 
lin admlnistared during the 12 days of treatment wiis only a Utile 
more tliati 1 gramF In anothert somewhat FiuiilHr^ cafc in which 
pcnicilliu theru])? waw begun at an earlier stage> the damage to tb« 
tissues and the bacterial invasion of tlie bloon:! Htream wai-e prcA'ented. 

Many other types of staphylococcus and HtrujiiorocriiK infections 
have responded to peiiicilUUp Cases of gonorrheal infectious which 
were not bimafited by sulfonamides have alsii betfui cured with dra¬ 
matic rapidity by [louicillin treatment. So far, the results of exten¬ 
sive trials have not been reported in debiil In the United States, 
clinicul sIiilIjfh liove b«n orgnuizied by the National Research Council. 
Early in clinical trials were begun by Uie United States Army. 
Among tijfs caeiss subjectcd to treatment were many soidiei^ returned 
from the Pacific area with unhealeil compound fractures, oatoomyc- 
Utia^ RTid w'oimds with iong-c^ablislied infoctiona. Vary prumising 
results have been obtained tm] ihe are being greatly extended. 
In animal experiments, it has been found that tlm parly administm- 
tioii of penicillin Ih a powerful prophyketie against gas gangrcnCi 
one of the most serious complications of baltln lutd sir-rrrid w ounds. 

For systftuuc infiHrtionJs, [>enidilin is usually adniiziist^red intra¬ 
venously* Inasmuch os it is destroyed by aeidHf inac^tivation occurs in 
the Kbimarh whi-n tlio drug is fpven by mouth. However, oral ad¬ 
ministration is possible, although less eSicient, if large ntnounlH are 
taken togetlier w'ith tiodium bicarbonate t.o uHutralixe the gastric 
acidity. 

Of the eheinollierLipeutio agyrita of microbial origin wiiicli have 
thus far been Etudied^ penicillin k preeminently (he most promising. 
At Lhfl jjioiiieni, the jirincipal handicap in ita applicuiiuTi k it* liriiited 
availability. The outlook for the futurep whrn Ehe problems of pro¬ 
duction ahaU liavB beKn solved^ is very bright indeed. 
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penathij pi^nicUtiTl —Frtsm several laboratories htis come 
evidence that certam strains of n^t^dum produce, in addi- 

Lion to peniciilin^ anoLher niitibiicLi''rial subtitoikce. Vanous investigo^ 
tOTS^ wortdng simnitonoouslj but indcpendezitLy, have prn|>o^ 
dilTerent tinjiica fnr t.hfsir preparations; *^pcnatm,” “peni¬ 

cillin the available evidence, while nut entirely conciusive, sii^- 
gesta that the active principle Is the some* 

It is the most potent Datural unMbiotic sybidance so far described- 
The growth of Staphyhe^mj^ awreui^ which h une of the most 
^Sceptible apccieSf is Inhibited by concentratlDns as low as 0^tM)00(XX>2 
pei*i-eiih Tt is active against a large number of both Gram-DOgative 
and Grom-positive bacteria. The subshuicn is bactericitlal^ as well 
JM? bacterioatalic, but dws not appear to cause lysis. 

The available evidence indicates tlmt notal in is a flavoprotein in 
which tbs protein is combined with flavine adenine dinucleolide. It 
fimclions as an enzyme wlndi catalyzes the oxidation of glucose by 
oxygen, with the production of gluconic acid and hydrogen |>eri>xids. 
CerLaIn other ptigare rme oxidized alsp* It is believed that the anti¬ 
bacterial action is due to the hydrogen peroxide funned. Support 
for thim view furaiHhed by the fact that the nctivity is appi-cciablc 
only in the presence of oxygen and glucoi^ and in iha almnce of 
rainhi^e, tile enzyiiie which promotes the destruction of hydrogan 
peroxide^ The activity is reduced in the presence cif fresh serum, 
owing, [>r(?sumEibly, to its content of cntalase. 

Inasmuch os the active agents have not been freeil from impurities, 
ihe tosicity cannot be determined with certainty. Some pi^paratioria 
have been fouuil to be rather toxic, iiLliery tnuch so, N^o detailed 
information as to the thcmpeulic applicability of the substance m yet 
available, ii1 though uotatin has been reiairted as having been found 
cflcctivc in this respect 

Fenmilic oc/rf —This substance, which is not related to pcuicillm, 
despite thfl siniihirily uf uiimMs, watf isolabd from pfib^r- 

ulum in 1911^ at which time it was found to hove an mhibitory effect 
upon the growth of certain bacteriR, Interest in the snbatance was 
rCTived in recent yenni by the disiTOVery of other nnhhacterial mold 
imductSH Cheniicnlly it has been shown to be y-keto-g-methoxy-^' 
meLbylen0-A"-haxeiifjic hcuI, a type of slruciurB hitliHrto unknown 
among natural products. PcnicQlic acid is rather strongly bacterio¬ 
static toward a number of organisms, some of which are resistant to 
luiijiy of the other anti bacterial producUi of rnicruhjul origin* The 
toxicity for mice is fairly low. Therapeutic studies have not been 
undertaken up Co the present time- 
P^Tiicidifu — ^The name '‘penicidin" has Wn given to nn antibac¬ 
terial substance obtained from an unnamed species of Pefiieiithtm. 
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The material is soluble in organic solvents, relatively thermostable, 
inactivated by alkalies but not by acids. It has not yet been isolated 
in pure form and its chemical nature and possible identity with 
previously discovered mold agents have not been determined. Eber- 
thella typkosa is inhibited by a 0.001 percent concentration of the 
partially purified preparation. 

Spinulosin and fwnigatin. —During a study of the chemical prod¬ 
ucts of various molds, the pigments spinulosin and fumigatin were 
isolated some years ago from cultures of PenlcUlhim apinuloswm and 
Aspergillus fumigatus, respectively. Investigation of the structure 
of these substances showed them to be quite closely related, fumi¬ 
gatin being 3-hydrozy-4-methoxy-2,5-toluquinone, while spinulosin 
is 6-hydrosyfumigatin. Eecently these compounds have been exam¬ 
ined for antibacterial properties and both have been found to be 
moderately active. Spinulosin and fumigatin are less important 
by virtue of their own potencies, however, than because of the infor¬ 
mation concerning the relationship between structure and activity 
which has been obtained from their study. This will be discussed 
below. 

Fumigacin. —Although isolated from Aspergilltis fu/migatus^ this 
substance is not to be confused with fumigatin. Fumigacin, which 
has been obtained in crystalline form but not yet characterized chem¬ 
ically, is said to be active against Gram-positive bacteria but nearly 
inactive against Gram-negative species. 

Citrinin. —^This is another substance previously isolated from a 
mold, Penkillivm citrinvm, and on recent reinvestigation found to 
possess antibacterial activity, although not to an especially marked 
extent. Its structure has been worked out as a complex substituted 
quinone; it has not yet been synthesized. 

Clavacin. —This substance, obtained from Aspergillus clavatvs^ is 
said to be particularly effective against Gram-negative bacteria, in¬ 
cluding a number of species not affected by penicillin, mandelic acid, 
or the sulfonamides. Various strains of the fungus differ greatly in 
their production of clavacin. The substance, which is rather un¬ 
stable, has not yet been prepared in pure form, but even the partially 
purified product exhibits a considerable measure of activity. 

Claviformin. —This material, isolated in crystalline form from the 
culture medium of PenidJImm claviforme, may have the formula 
CoHsOs. It is considerably more potent tWn citrinin, clavacin, or 
fumigacin, although less so than penicillin. However, in view of its 
decreased activity in the presence of serum, as well as its fairly high 
toxicity, its therapeutic application does not appear particularly 
promising. 
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Gliotojdn .—An antimicrobial substance isolated in crystalline form 
from Gliodadium pmbriat'mn has been given the name “gliotoxin,” 
It has the empirical formula Ci»Hu 04 N 2 S 2 and is the first antibiotic 
compound of microbial origin which has been found to contain sulfur. 
The chemical structure has not yet been elucidated completely but it 
appeal’s to be a condensed 3-ring compound with a unique type of 
sulfur bridge. Gliotoxin is both bacteriostatic and bactericidal 
toward Gram-negative as well as Gram-positive organisms. Staphy¬ 
lococci and streptococci are completely inhibited by concentrations 
of the order of 0.0001 percent, Giam-negative bacteria by somewhat 
higher concentrations. It is toxic for higher animals in doses of 50 
to 75 milligrams per kilogram. No therapeutic trials have been 
i-eported. 

AapergUUc acid. —Some, but not all, strains of AspergiUwi 
have been found to produce an antibacterial substance wliich has 
been designated “aspergillic acid.” The material has been obtained 
in crystalline form in yields as high as 400 milligrams per liter of 
culture fluid. The empirical formula of aspergillic acid appears to 
be CiaHzoNjOa; its chemical structure has not yet been worked out. 
In vitro it is fairly potent against certain Gram-positive cocci; 
pneumococci and hemolytic streptococci, for example, are killed by 
a concentration of about 0.0002 percent. Gram-negative bacilli are 
much more resistant to its action. 

The toxicity toward mice is not especially high. The maximal 
tolerated dose is about 200 milligrams per kilogram when given orally 
and approximately half of this when injected intraperitoneally. 
However, neither oral nor intraperitoneal administration has been 
found to exert any therapeutic effect on experimental mouse infec¬ 
tions with pneumococci or hemolytic streptococci, although prelimi¬ 
nary experiments have shown some protection in experimental 
infections with gonococci and gas gangrene bacilli. 

AspergUlin .—This name has been given to an antibacterial sub¬ 
stance which has been obtained in partially purified form from a strain 
of Aspergillus -ftavus. What relation this material may have to other 
antibacterial agents of microbial origin cannot be determined from 
the limited information so far available. Making allowances for the 
impure state of the aspergillin tested, its bacteriostatic potency and 
toxicity appear to correspond approximately with those of aspergillic 
acid. 

Pvberulic and pubmilonic acids .—These substances have been iso¬ 
lated in crystalline form as metabolic products of several species of 
PenicUUvm. The empirical formulas are CsHbOb and CgHiOe, re¬ 
spectively. The chemical constitution is unkiiown, but pubemlonic 
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fldd is bdicred tu be li quinoiioid compound uiid puberullc acid the 
i;r>i-n!Bpondiiig quinol. 

Both compounds inhibit the gi'owth of a uuuiber of nrimi-positiTC 
bacteria, pubcrulic acid bdng somewhat more clfcclivo than pubeiv 
ulonic. Mmther showg much activity against Grtmi-negativc Epecics. 

Unnattmtl ttvimtancm *—Several workers have obtained evidence of 
the production of nntibactcriEd aubstniiiiies by other molds. In one 
surrey of 100 fuiignJ epecicEj 30 were found to exhibit activity, with 
the added possibility that some of Ltie negnt ive species might wcU give 
positive reeuliK under different cultural conditioiia or ngaiust. test 
hacUiriu. other than those employed. In view of the e xig ence of 
thoiistmds of speciefi of muldj}, it seems certain that many ntlier anti- 
bacteriii] agents produced by these organ lams remain to be discovered. 
Some yeasts, too, have been found to produce bacteriolytic suhstanceB. 

PROSPECT' 

Of the score or more products of microbiid origin w'hich have been 
described here, the antibiotic activity of the great majority has been 
discovered only within the lost 2 or 3 years. Memt of them liavc not 
yet lieen studied suHiciently to determine wbnt therapeutic applica¬ 
tions may eventually be made. It is, tharefore, highly encouraging 
tliat some of these agents, particularly penicillin and lywiihricin, al¬ 
ready offer definite promiiie rif practical utility. However, even 
though none of the presently known substances should ultimately be 
found of use in Itself, tlie value of the rapidly increasing knovvl- 
«lge in this Geld is very great. This ia true for two teusons: 
in the first place, tha idenlificntion of a compound putSHSaing some 
of the properties desirable in a cheinotharapeiitic agent, even tliougli 
it may at the saqiie time liave other undesirable characteristics, opens 
the door for the chemist to m(iiii]iulate the molceular arcliUecturv 
Ko aa to enhance the one and suppress the other; sacfinill j, studies of the 
mode of action of the available inhibitory agents upon micro-organ isms 
may suggest the use of other substances, which, while chemically un¬ 
related, will exert slmilur biological effects. 

A wide range of chemical types is represented among the litiiU^d 
number of antiinicrobial agenbi of which the composition has been 
even partially ehiciilated: proteins (notatiii, lyauayme), polypnji- 
tidcs (gramicidin, tyi-m-idiue), fatty acids {pyocyanit arid, isovaleric 
aciil, oleic add, possibly uctinomycctin), organic bases (stivtjitotliri- 
cin, proactmoitiycin), iiiiiiioruHi (citrimn, fumigutiii, Hpinalodn, pos- 
hibly puberutonic ndd), heterocyclic compoiimls (gliotuxin, actino- 
mydn A, pyucyuniiie, u-hyilroxyphena^ine). Obviously, complete 
knowledge of the constitution ia ueccfiMiry before the relationship be¬ 
tween atrucLure and biological properties can be studied. 
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So fiu‘ ^ch studies huTu been made in. oul]r oho or tvo cases but 
these have proved very fruitful. It has been menliontsd that the 
two Luold products, funiigatin and spinulDsiu, are structurally very 
similar, differing only in the possej^ion of nn additional hydroxyl 
group by the latter. Spinulosm was found to have only about one- 
tenth the antibaetcnal potency of fumigatin. This unexpected dia- 
CQvery that the artii^ity was markttdly decreased by the lutroductiou 
of a hydroxyl group led to a study of a considerable number of pnb- 
stituted toluquinones and benROfpji nones, from wLidi sererai impor¬ 
tant generalizations cDnceming the effect of structure on activity 
could be drawn. As a vahiable bj'praduct of the investigation, it 
was found that several of the compounds tested wera more potent 
than fumigatin itself. 

A variety of effeets ia produced by the different antibacterial agents 
of microbial origin. At the one extreme are those like actlnomyoatin 
and lyfiozjtne which catisa the diaiategTation of the bacterial cells. 
Others, such as gramicidin, may also produce diBsolution but pre- 
sum ably only through the self-digeetion brought about by the emymes 
of the killed cells. Killing without lysis is brought about by a num- 
Iwr of substances; pyoejanine, clavadn, fumJgacIn, gliotoxiii, uotatin, 
etc. The least drastic action is that of such agents os actinomycin 
which are primarily bacteriostatici preventing growth or reprodaction 
without killing the cells. 

As inight he expected, an even greater diversity appears to exist 
among the mechanisms by which the antibacterial effects are brought 
about. In very few cujics has much insight been gained into these 
mcchaniAniB, but progress is being made rapidly. 

Elirlicb and other early workers in the field of chemotherapy pro¬ 
ceeded largely on the assumption that the most, effec^va agenia w'ould 
be tho^ which produced the maximum killing of the pathogens 
without greatly damaging the eeHs of the host, a sort of selective 
sledge-hammer action. In later yeara it haa become apparent, how¬ 
ever, that actual killing of the parasite by the chemical agent itself 
may not be at all necessary. The naLural defenaa mecliaiikms of 
the body in many cases are able to cope with a limited niunber of 
invaders and can effect their eliimnation if the bacterial multipliea- 
.tion can be prevented. Prevention of reproduction can. bo achieved 
through interferonoa with some nisUbolic procesa of the miero-organ- 
ism and, ainca the biocbendcal processes of the bacberial cell differ 
in numerous respecta from those of higher animals, there exists the 
possibility Uiat there may be found subtle methods of mterferonee 
which win be relatively innocuous to the host. 

An outstanding example of such a state of affairs Is furolahod by 
the action of EUlfanUamlde. One of the eesanUal growth factors, 
aflaTfla--«4-ST 
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or Titamins, for tstioiis bnct«ri!i ib p-aitiitiobRnssoie acid ivliich must 
b« availuble if Uiese organis m s si's to tnuUipli^ in the infected anitnaL 
The utilization of this substance ia effected tiirough the agency of 
certain enaymea of the bacterial cell. Now it has long been, known 
that compounds structurally similar to those upon which Lite enzyme 
normally acts may, if fumiKhed togetlier with the natural substrate, 
compete with it for the enzyme and so prevent or retard the noi-mal 
interaction. In just thie way the utilization of p-aminobenzoic acid 
is prerented by the presence of the chemically related sulfarilamide. 
This mechanism woh not at all nuderfitooil at the time of the intro- 
iliiclion of sulfanilamide, of course, but it appears new that a similar 
principle may obtain in the action of many, though not all, iithor 
antibacterial agents. This has been indicated above in the discussion 
of gramicidin, one of the few microbial agenta of w-hich, to date, 
fba mode of action is at all understood, lii this coniiectian it may 
be significant also that (i-hydroxyphenazine, one of the antibacterial 
eiibstances produced by FtteudotriOfnas aerugitmta^ bears a certain 
structural similarity to riboffarin, or vitamin 

The inhibitory effect of notatin, on the other hand, appears to be 
of a quite different nature, being occasioned by the toxicity of the 
hydrogen peroxide which it produces. 

An interesting phase of the mechanism of action is the high degree 
of specificity for certain micro-organisms exhibited by many of the 
agents. In a number of cases this epeclGcity appears to parallel 
closely the Oram-staining reaction. Better understanding of the 
factots responsible for bacterial differences in this staining tschnir 
may conceivably aid in the further development of other specific 
chemical inhibitors. 

Tt seems esiofiatic now that a practical chemotherapeutic agent 
must be mhibitory tow'ard the pathogen, not merely in vitro but 
nnder the conditions mating in the diseased host, and that it should 
exert a minimal deletedntia effect on the latter. There are, in addi¬ 
tion, a number of subsidiary dceidei'flta, such as couTenisnt mode of 
administration, stability in the body and during storage, etc. In the 
past these requirements have not always been fully appreciatod. 
Before the etiology of infectioae diseaeo was uudeistood, the search 
for chemical apecifica was of necessity a trial and error affair. IVith 
the recognition of pathogenic micro-organiGms came the Idea of 
chemical bullets fatal to the parasite but uot the host. Knowledge 
of the chemical atrudure of such bullete fumislied guiding principles, 
according to which better ammunition could be molded. Increased 
knowledge of the precise means by which inhibition of bacterial 
activities can be effected and of bacterial physiology in general may 
be expected to lead to a new phase in the development of chemo- 
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therapy. It is in this respect that the microbial products may be of 
greatest value, since even at this early stage of their study many 
new avenues of exploration have been opened up. Through some of 
these, conversely, will come better understanding of the physiology 
and nutrition of micro-organisms and, in all likelihood, of higher 
animals also. 

In passing, mention may be made of another possible application 
of these agents, namely, in the control of certain plant diseases* Very 
little has been done along this line and its practicability cannot yet be 
forecast* However, the few experiments which have been carried 
out indicate that the treatment of fungus-infested soil or seeds with 
certain bacterial preparations may reduce seed decay and the damping 
off of the seedlings. 

Finally, attention should be directed to other roles of the antimicro¬ 
bial sul^tances of microbial origin which may pc^ibly be of far 
greater significance than any eventual therapeutic application. It 
has long been realized that countless numbers of pathogenic bacteria, 
such as those responsible for pneumonia, diphtheria, plague, dysentery, 
cholera, tuberculosis, etc., gain access to the soil via the excreta or 
remains of diseased organisms* Yet the soil is not a source of epi¬ 
demics of these diseases and, indeed, the pathogenic micro-organisms 
cannot be recovered from the soil in signfieant numbers. It is hence 
obvious that the survival of such forms in the soil is vei-y Lmited. The 
suggestion was made long ago that other soil-inhabiting microbes, an¬ 
tagonistic to the pathogens, might be at least partially responsible for 
the rapid disappearance of the latter. The results of recent work lend 
much support to this view, so that it appears entirely likely that anti¬ 
microbial agents, such as those described here, may be of great impor¬ 
tance in the natural control of infectious disease. Possibly this may 
apply to diseases of plants, as well as to those of animals. 

Certain of the antibiotic microbial substances may, perhaps, play 
an even more intimate role in the natural control of some superficial 
infections in man* The skin is a nearly constant habitat of certain 
micro-organisms, some of which are known to form antimicrobial pro¬ 
ducts* Whether these actually serve to protect against skin infections 
is not known, but is a little circumstantial evidence indicatiiig 
that the normal skin fiora may be absent or altered in cases of some 
fungus infections. The mouth and intestinal tract, too, harbor a bac¬ 
terial flora which a>no6ivably could be of importance in the control of 
certain infections. 

It is h(g>ed that this brief and incomplete account of the antibiotic 
substances of microbial origin will have served to call attention to a 
field of inquiry, as yet merely scratched, whose further cultivation 
may well be expected to contribute greatly to the welfare and scientific 
advancement of man* 
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Note,—^B aring the year, since the preparation of the foregoing account, many 
notable advances have been made. Of greatest immediate interest are those 
relating to lieniclllln. Twenty*one plants for the maonfactnre of this dmg are 
being erected in the United States and Canada, at a total cost of nearly 120,000,- 
000. During the year production has been increased by more than 10,000 percent, 
and the present program calls for a further fivefold increase, Conctirrently, 
the price has been reduced markedly and will doubtless fall much lower. The 
great potency of penlcniln is emphasized when It is pointed out that the projected 
maximum production of these 21 plants wUl aggregate only about 9 pounds of 
the pure material per day, an amount, however, which Is sufficient for the treat¬ 
ment of approximately 10,000 serious cases. 

Much of the credit for making ijossible the production program is due to the 
Northern Regional Research Laboratory of the United States Department of 
Agriculture which, through selection of better strains of the mold and improvement 
of the culture medLum, has increased greatly the yields obtained. 

Penicillin has been Isolated In pure crystalltne form. Information as to its 
structure and synthesis, however, is at present classified as a military secret 

Considerable additional experience In the dinlcai use of penicillin has been 
gained* It has been found very effective In treatment of pneumocoecie pneu¬ 
monia and possibly may prove of value against syphilis. 

Space permits brief mention of only two of the many recent developments in 
other phases of the field of microbial antibiotic substances. 

It has been shown that the products isolated from a number of molds and 
designated by various workers as claviformln, davacin, clavatln, and patulln 
are identical and have the formula C7H4O*. This substance has been elatmed 
to be efficacious in treatment of the common cold. 

Among the newly discovered antlbiottes, special interest attaches to the find¬ 
ing that an antibacterial substance is produced by the unicellular green alga 
Chlorella when grown under autotrophic conditions. This material, named 
chlorellin, is active against both Gram-positive and Gram-negative organisms; 
it has not yet been obtained in a pure state. 
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Demonstration of the Growth-^Inhibiting Effect of agtinomvcin, 

sul^t^ce, applied in the cross-shaped groove, diffuses some distance Into the agar and prevents the 
l ' ^ mgcoWM; 4-.Sorirtna luttQ) but not of grani-nogallvo bacteria 
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Plate 3 



PleMleifffjii?* cobn>% 


Staphylococci under¬ 
go Lag lysis. 


Nonna! staphylocoecaL 
colony. 


Photograph of a Culture plate Showing the Dissolution of staphylococ¬ 
cus Colonies i n the Neig hborhood of a Colony of penici lliu m notatu m * 

(From the publication of FLetning an nouncing the discovery British Journal of Es perl mental 
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effect of PENICrLLfN ON GROWTH AND CELL D(VISION Of 
STAPH YLOCCOG US AUREUS. 


oomatalng O.OOOOO percent penicillin, 
division and separation. (Front Smith and D^. JoifrSSTnhi V“n 
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SULFO^^AMTDES IN THE TREAT^TENT OF WAH WOUNDS 

AND BUBNS^ 


By CuKUit Ll Fckt, ift, BJ. D. 

Deportment 0/ Co^ie^e Phi/eieiam ond ^urpeonM 


On« uf th« major problems of global warfare ia the immedmte 
medical care of injured by the ruthlessness of mechanized war¬ 
fare and aerial bombardment. Our Government has miUiLered every 
possible raanurre to triE^t this medical emergency. 

It is indeed ironic that the horror of war casualties ha^ s^LlmuJated 
tremendous progress in medical re^^ardi. Under the Office of Scien¬ 
tific Hescardi and Development m Washington j specialized commit- 
teeSf such as the Comniittee on Mwlit-al Besearcht htivo contracted 
with scieniilic; institutiona throughout the nation for specific, vital 
war research on problems such as the 1 reatineiit of shock, the control 
of malaria, the use of sulfouamidcs in wounds and bumst and niiiny 
others. New developments are communicated directly to representa¬ 
tives of the armed forces—ahno^?t from the test tube to the battlefields 
Let UB now focuH on the problem of war wounds and hums and see 
the progress that has been made^ To uiiderst 4 md the treatment, at¬ 
tempt to visualize exactly-what happens. A man ia imgaged in com¬ 
bat. Suddenly lie is struck by a bullet or shell fragments, or his 
clothes may be set on fire, or he may be flung off hia ship Into water 
covered with burning oil. Within a very ^hort time help arrives. ^ 
Through first-aid con™s you have learned enough to rccognke 
the immediate problem! treatment for Bhut^b and control of bleeding, 
Nuw^ tijia ia where recent research has made an important contri- 
budoiL Patients in shock from bums tdiould not be *^kept warm” 
or have ^%eat applied” with hot blankets or hot water bottles. Care¬ 
ful studies have shown that room temperature is best 5 that 

tlie eirtremes of heat or cold are definitely harmful. 

After shock has been treated, the next problem is to prevent mfec^ 
tiom Gunshot wounds are neiatively clean but, since bacteria that 
cause isarious infection are everywhere alioiiL us, most wounds and 

MfliJpfw amrend to thv Bc^iocm Otowp. eptcui AwdAtl^. at 

thtJt uDiiil Etinf 4 fVP«. Th« r««ot rrMfrii lurdikB^ If wert 4oaf k cdn- 

trmrt, WMiMiepilwl by Hi* Comialtlw on bftir*cii ta* onirt dr fk4{uitia« 

wad C*v«Jvt>iuiiIir fud UfUrfnltJ. 
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practically all bums are potentially infected. Hie word potentially 
is used because frequently bacteria may be present but no infection 
will develop provided the bacteria do not gain the upper hand. 

For example, in the Revolutionary and Napoleonic wars, only 1 
out of every 25 soldiers was killed in battle but 1 of every 2 soldiers— 
60 percent of the army—died of infections in hospitals. 

That was before anything was known about bacteria. Then fol¬ 
lowed the great discoveries, by Pasteur, Koch, Welch, and many 
others, of the bacteria that cause infectious diseases. Lord Lister 
then developed surgical asepsis—which means simply keeping bac¬ 
teria from getting into open wounds. 

These great advances were reflected in the medical history of the 
last war. To understand the present tremendous progress let us com¬ 
pare some results from the last war with similar cases as described 
by Capt. Reynolds Hayden after the Pearl Harbor raid. In World 
War I, gunshot wounds of the abdomen resulted in 60 to 80 percent 
mortality; at Pearl Harbor the mortality from these cases was less 
than 1 percent, and recent reports from the Solomon Islands place 
the mortality from these cases at less than 5 percent. 

Medical officers from all parts of the world who have been treating 
patients under a variety of circumstances have agreed unanimously 
that the sulfonamide drugs have been in large measure responsible for 
this great improvement. Now what are these drugs and how do they 
help accomplish miracles ? 

It is interesting that the first reports of the amazing chemical that 
cured bacterial infections came from Germany in 1935. Domagk, 
of the notorious German chemical and dye trust, reported that he had 
discovered a red powder which when fed to mice infected with virulent 
hemolytic streptococci would save all the treated animals while the 
untreated control animals died in one day. Furthermore, to make the 
picture confusing, he stated that this red powder had no effect whatso¬ 
ever against the same bacteria in the test tube. This made everyone 
very skeptical even though reports of miraculous cures of patients 
continued to come out of Germany. Some English and French research 
workers wanted to repeat these experiments but the French couldn’t 
get any of the red powder from the dye trust. Fortunately, a brilliant 
French organic chemist figured out what was in the red powder and 
discovered how to make it. 

Then the French bacteriologists made an amazing discovery—most 
of the big red molecule wasn’t really necessary at all—only a small 
part of the molecule, the sulfanilamide part, was needed to save the 
infected mice. And equally amazing, whereas the big red molecule of 
the Germans had no effect on bacteria in the test tube, the small sulfa¬ 
nilamide part could stop the growth of bacteria in the test tube as 


0DIJ«WAMTOES—FOX 


571 


voU ns in tlie tuxly. Since tbi? sulftmilAniide part had first been made 
in 1908 bj Gclmo—ivhoj by ilie way, had found that this cliemieal 
helped dyes stick la wool-^thcre were no patent restrictiom and every 
chemical company began making Bulfanilaniide so that doctors every¬ 
where could try it out. 

In the meanwliile research was conducted in many laborstoTies, 
iucluding this, to determine how sulfanilamide worked- 

It was soon found that bacteria were not killed by tho drug but 
that their rate of multiplication was temporarily retarded. This 
was calletl bacteriostosis. In the animal organism, tbU retardation 
aided the white blood cells to gain the upper hand and effectively 
dispose of the inhibited bacteria. Furthermore, this bacteriostatio 
effect did not begin immediately hut only after a lag of several houra 
during which time the bacteria in the drag environment grew just as 
well 03 the control bacteria- It ia posriblo that this (telay in action 
rspre^iited the time needed for conversion of tiie drug itself by oxida¬ 
tion to an active principle. 

A recent discovery, however, bus led to another explanation. That 
is Woods’ observation that para-aminobenaoSc scid almost Hpecifically 
uuUificfl the action of sulfanilamide, and that there is a definito quanti- 
totive relationship; i. c-, one pact of PAB can ‘^lock” or nuUi^ 
5,000 parts of sulfanUamide. This ratio obtains regardJe;® of which 
bacterium is used for the test. Woods suggested that PAB is an 
essential metaboUto for the bacteria and that sulfanilamide hecai^ 
of its chemical similarity “blocks** the utilization of PAB by bacteria. 
Although PAB has been shown to be an essential growth factor for 
two nonpathogenic bacteria, it lias not yet been shown to participate 
in the metabolism of pathogenic bacteria so the mediatiisni of the 
definite antisulfonamide action of PAB remains to be discovered. 

It is important to differentiate PAB from the oUiec so-called “inhib¬ 
itors” of sulfanilamide, Pua, peptone, devitalized tissue, and certom 
bacteria] extracts have been asserted to “inhibit” the action of suifa- 
nilomido. Careful study has ahuwn, however, that in general these 
substances improvo the growth of bacteria m that the drug bos to 
grapple with more vigorously growing organisms. These are quite 
different from PAB which does not appear to alter tho growth of 
bacteria, nevertheless definitely inhibits sulfaiiilamide bacteriostasie. 
Tho practical importance of thia distinction will be clarified below. 

During this time chemists were attempting to synthesixe KiBfamJ- 
amide like compounds which might be more potent and more effwtivc 
against a wider voriety of bacteria than sulfanilamide itsdf. Su Op 
pyridine was the first important improvement and establtahed its 
merit by Ihe success attaineil in the treatment of pneumonia. Soon 
afterward, sulfathiaxole waa syntheaiied. This eubstance is free o 
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113Aliy Ilf the unpleasant and dangerous complications of sulfapyridinc 
tmd is somcirhfiL more eSecE 1 Sul fadiazine, the latest of this group, 

ia a1»ut as effectiTO as sulfathiazole but k less loxic and k easily tol¬ 
erated by iiiosL i>piip!ep Up to this point the usefulness of these 
drugs has been eraluated for syMeiiiic di^seas^ lik« put^iimoniiii 
ingitis^ or infection of the blood stream with streptococcus. In these 
cases sulfonamidea ara giv«ii by mouth and the drug k distributei 
Lhmugli the body. A localbod infection in one part of iliu body like 
a limb or tlie abdoTufsn can be treated by placing the drug directly in 
the wotmd in contact with the infection zone, Thia provides a high 
concentration of drug immediat^ily in the dangerous infection zone 
without Bubjectmg the entire body to the treatment. 

There are, hoivever, certain practical difficulties* These drugs do 
not dissolve well and tend to lump o-r *^cake^^ when poured into wounds. 
In aiiciiiii»n, pus and partly devitalized tissues arc excellent nourish¬ 
ment for the bacteria and sometimes interfere w hh the action of tbe 
i^ulfonajiiidas. 

Studies in this laboratory were focused on tins lotuil use of these 
drugs as a problem of military importance^ It soon Urcame apparent 
that the order of increasing therapeutic potency—sulfanilamide, sul¬ 
fa pyiidimi, ftulfathiazokj and sulfadiazine—Was a ctinfiequence of a 
single physicochemical characteristie: increasing degrees of ionization 
of these weak acids- It was of further interest that the more ef- 
feed VO drugs were likewise more effective in overcoming the block¬ 
ing effect of PAB. It was then found that acidity which reduced 
tho ionization of tbesiii drugs likewise reduced Eheir activity against 
bacLeriMp In addition, acidity hJso reduced the solubility of these 
substances. 

Measurements sL the bedeide showed that infected wounds tiKually 
become extremely acidic* This acidity is sufficient to reduce markedly 
the antibacterial activity of sulfonilamldo anti sulfapyridlnc and to 
prevent eiilfathiazolc or sulfadiazine powder from finely dlsjsolving 
in. the infection zone« In addition, tiiUi acidity tends to destroy the 
white blood corpuscles or leucocytes* Since tha^e cells are needed 
to dispose of tlie sulfonamide-treated bacteria, they must bu preserved 
lo help eradicate liiviidjng bacteria. Clinical trials have shown that 
by using the soluble ^>dium salts of sulfathiazok ur milfBcliazine (in¬ 
stead of tho iiisulublo acids themsiilves) the interference of wound 
acidity can bo miniiziiEod and wound mlecLiona can he controlled. 
The chcniically '^activated” drug Is held in solution in the iiifectlun 
zoutij andj with the cooperation of tha leucocytes, speedily eradicates 
tho bacteria. 

it is import^L to realize that this can bo accomplished witliout 
harming the On the other bond, antiseptics such os iodine 
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kill bacteria but also destroy tissue cells in the wounds. This is one 
of the greatest virtues of the sulfonamides—^their selective action 
against bacteria without damaging tissue cells. 

With this background you might predict that bums would be par¬ 
ticularly suited for local sulfonamide therapy. Insofar as burns rep¬ 
resent destruction of the skiUj which is man^s natural barrier against 
infection, sulfonamides are valuable in preventing bacteria from 
establishing infection in the damaged areas. But destruction of the 
skin also presents another serious problem—loss of the mechanical 
covering of the underlying tissues. The heat of a burn causes the tis¬ 
sues to become greatly swollen and waterlogged with a plasmalike 
fluid. Loss of the skin covering from bums permits the escape of 
this fluid and aggravates the shock. Many types of substitute cover¬ 
ings have been proposed but the most satisfactory seems to be a new 
pseudo skin formed in the burned region from the damaged skin. To 
accomplish thiSj tannic acid has been used for years to coagulate the 
burned skin and produce a hard, stiff, adherent covering known as an 
eschar. 

Now, tannins are used in the leather industry to ^^an” animal 
skins and convert them into leather. The late Charles Wilson, a 
leather chemist, showed that tannic acid itself caused animal skins 
to become swollen and unfit for leather. In contrast, however, he 
found that when tannic acid is neutralized to the slightly alkaline 
reaction of the tissues, skins can be ‘^tanned’^ without swelling, and 
soft, pliable leather is formed. Similarly, when neutralized tannic 
acid is used on burned human skin, very little swelling occurs and a 
soft, pliable covering is formed. This effectively prevents loss of the 
plasmalike tissue fluids. In addition, pain is alleviated immediately, 

This neutralized or slightly alkalint tannic acid works veiy well 
with the sodium salts of the sulfonamides. In the past, tannic acid 
itself has been used with the sulfonamides but too frequently infec¬ 
tions have occurred under the hard eschar of coagulated burned sl^. 
The probable explanation is that the acidity of the tannic acid chem¬ 
ically inactivated the sulfonamide as described above. The neutral¬ 
ized tannic acid, on the other hand, keeps the sulfonamide in solution 
in the activated ionized form. The trials in human bums up to 
the present have indicated that this combination effectively prevents 

infection, ^ 

The mixture is prepared in ointment form so that it can be quickly 
and easily applied and then covered with a light protective bandage^ 
Since the soluble sulfonamide is brought into immediate contact with 
the zone of potential infection, no additional drug by mouth is neces¬ 
sary. It is not understood liow^ this mixture relieves the pam, but the 
fact remains that the pain disappears after applying the ointment. 
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Alter a week the lireeaing is removed. Most ol the iirntment is 
lound to hsTB diseppcarcd but the bum is covered with a soft, pliable 
protective eschar, Refieneration of new skin will occur under this 
covering provided that infection does not stifle this process. 

Treatment in this phnee follows a cardinal principle of sulfonamide 
therapy—^maintaining the conceatration of drug in llie infection zone 
as long as any bacteria nay be present This is accomplished by 
placing gauze iropragnated with petrolatum, paraflSn, and sodium 
sulfathiaaole on the burned areas. 

When the skin is completdy destroyed, skin from another part of 
the body must be grafted to make up the loss. To insure that the 
grafts will grow and not be overrun by spreading infection, addi¬ 
tional sodium salts of the sulfonamides are used tn the grafted arena. 

Tins brief report has given you a glimpse of the local uses of eulfon- 
amides. They are used first in the fresh wound or burn to prevent 
the development of infection; then they are used to keep down infec¬ 
tion while healing Occurs or when skin grafts are used to cover the 
defect. Hceent research has shown that infected wounds become 
acidic and that when the acidity is overcome the drugs ore “activated** 
and in solution in the infection zone. It remains for future research 
to discover additional improvements that may further refluca the 
present low incidence of infection in wounds and burns. 





THE YELLOW FEVEK SITUATION? IN THE AMEEICAS’ 


Bj WlifiUK A. 8 awt» 

OtnxtWt Ititenuillonal n^QlIh DlvMnn, Thu linrlieftttiir Founiatton 


TTib early hTstoiy of yellow fever, domiimted by records of epi¬ 
demics in cities and outbreaks on sliltia, was largely cbaracterized by 
waves of tbe disease. There were outstanding epidemic years in which 
the disease estended to the* seaport cities of Spain, to PUiladelphia, 
and to New York, or up the hiJssissippi to Memphis and beyond, and 
also years in which there was widespread involvement of Central 
America and Mexico, The eitttin changeable epidemic picture has been 
observed in West Africa anrl South America. The disease was never¬ 
theless continuously present for long periods in certain cities, like 
Habana and Guayaquil, where the supply of susceptible persons and 
an abundance of eeffif-pti mosquitoen {A^de» ae^pti) permitted tho 
disease to appear year after year. The outstanding characterietice 
of the historic yellow fever picture were sudden epidemic exteiiflions 
of the disease far beyond any known endemic foci, followed by absence 
of the disease or relative quiewence. 

TUB SHIFTING I/ICALIJtATlOK OF JUNGLE BELLOW FEVER 

Observations during the past few years in several countries of S<Hith 
Amgrinft suggest that jungle yellow fever resembles, more closely 
than was at first apparent, die old-time urban oeryypfi-transmitted 
disease in its tendency toward wavclike epidemics and shifting local¬ 
ization. The world-wide yellow fever immunity survey, carried out 
from 1831 to 1837, by tesling human sera from many wiuntriefl by 
means of (ha mouse-protection test, showed that immunizing infec¬ 
tions had recently occurred in many places previously siipposed to ha 
free of infection {Sawyer, Hauer, and Wbi( nmn, 1987j boper, 1837a) 
and the systematic collection and histologie examination of liver speci¬ 
mens in South America showed that fatal cases of yellow fever wera 
occurring in scattered locations in the newly revealed endemic areas 

' Tb* ott i T > non» oe whleb ttila p*pw tf Sainl h**'* IW" taaSe In luat part py inonlurp 
»r tlw tils' or live iDTertutlcDll UMltb mrlilDA of Tbo Rocklftllw SoiiiidiUoa and of thn 
bMltli Author IllM tft tin jOTrrnmon (i w (t tv which th* Dtrlolon tf eDllihori 11 nl. Tbo paper 
lo facfi npruno] hj pcmlMlon irom tin rncwdlnn oC tti« liithih Amorlcea Bd«t[a« 
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in South America. The tendency was to Llift in these 

nre&s as more or less Btatio filthough the first obsemution of proved 
jungle yellow fever was made during a sharp epidemic in the ViJJe do 
Chnnaon in Eraiil (Soper rt al.| 10S3). The very fact that innglo 
yellow fever was traiismittod only under biolagicfll conditions pecu¬ 
liar to a forest environment with iLs speeisl insects find animalH woold 
seem also to limit the spread as jungle yellow fever. It has, however^ 
become increasingly clear that jursgle yellow fever may sw^p os an 
epidemio through a wide extent of the favomble environment and then 
become urban ^ ^^gypti-tTunsmitt^d yellow fever when it reacihea a 
eommimity in which tltflt mosquito abomids. That such spread of 
yellow fever from junglf^ to city hfis not been observed to occur re¬ 
cently needs s|}eeial comment, 

TITE! AIJSE>X'13 OF AEOTPTI-TnAKKMITTED EFIDEMICS 
THK UAXGFB of TRFTn flElAPPFABAXCB 

A Striking and rea^isurmg feature of the present situation in the 
Western Htimisphcre is the absence of the classical type of yellow 
fever outbreak, in ivliich the digaa^ ia transmitted by the long- 
recogniK^al mosquito vector Acrfea and tends to be localized in 

citica and to invade the channels of coumierce- For 3 years no reports 
of such outbreaks have been confirmed in the Americas* The credit 
must rest largely with those who have cntitbiucd and perfected the 
control of Aede^ sno successfully begun by Gorgns and Oswald u 

Criiz, for the threat of infection from areas of endemic and epidemic 
jungle yeUiJw fever in tlie interior of South America appears to have 
been contmuoiia for an undetornimed period extending far into Uic 
past* Were it not fur the nnninfectibllity of Rio de Janeiro in 193S| 
owing to well-organized aepypti control, we might have seen another 
serious epidemic in that city* with spread to uther coEnmunitics and 
shipping, for Bo|ier (1938) has reported that four persons infectod in 
a nearby epidemic of jungle yellow fever were known to have come 
into the city without rrauidrig any Uvc&l infections. 

That jungle yellow fever is the some disease as urban yellow fevar 
is well established. That it may be tranionitted by Aed^s aeff^pti 
bon been repeatedly demonstrated in the laboratory (Whitman and 
Antiines, 1988), ftnd on om t>rt!a^3lon the i?s5tahliHluuent of yellow fever 
of jungle origin in a Brazilian town and its transmission there by 
Aed^ ae^^pti were observed (Walcott et aL, 1937)* Some risk of 
urban yeUow fever epidemica will remain os long on jungle yellow 
fever j>erasts* Inasmuch os the possibility of complete extermination 
of Hie tli^ase now rvjnoie if not iiiiposHibk, tlie health author¬ 

ities are faced with the problm of choosing wisely between the avail* 
able methods of confining jungle yellow fever tci the areas In which 
it is endemic, reducing the human involvement within thesa areas, 




VILLLOW fEVEH—SAWVEB 577 

and protecting threatened cities and mrol populations against 
jtifeclion. 

The greatCiit disotrter which jellow fever could bring would be the 
renewed iuvulveuieut of large urban populations in uCyy/^ft-spraad 
j^cUow fever, particularly if the cities affected were seaports from 
which the diseaei; niight easily spread tu other aeaportii as well as to 
the surrounding towns. It is therefore a matter of moment that the 
methods of pi’evautiiig urban yndJow fever tbrough supprewlon. of 
have bi^ so perfected by the Brazilian Y^ow Fever 
Service that any city may easily »olvo its yellow fever problem wjLltout 
excessive cost by m aki n g itself noninfecdble and may maintain tills 
condition. 

BdETSOT) IN 1if!El TO PJ1E:Y1!:NT AEtitPl'l-TnAN&Ul'iTED 
TBLIiOW FEV'HII 

The csential improvements of mulhod that liave made it possible 
to reduce the breeding of Aedea aeg^tpH almost to tho point of local 
extPi mi na tion ha VC bccn described by Soper (10S7b). The weekly 
inspection of premises for aeffi/pii larvae and the destruction of breed¬ 
ing placea are being supplemented by the search for adult mosquitoea 
by special squads. If any' are found, the breeding foci are sought out 
and destroy^. To render the destruction of foci as certain as posaibJc, 
petroleum (S ports fuel oil and 1 part kerosene) is placed on water 
found to contain lan ae^ Tha oil and tho noc^^iy subsequent clean¬ 
ing are much nmro likely to destroy mosquito eggs than the older 
method of merely emptying out the water. Such methods have so 
reduced breeding tltai it has been possible in many cities to leugthen 
the period between house inspections and thus to lower the cost of 
the service. 

These methods make it entirely practicable for cities to acquire and 
maintain complete immunity to yellow fever regardless of the degree 
of exposure. The nearer to jungle yellow fever the more urgent the 
precautions, but it must be kept in mind that the critical distances 
have been greatly extended by the increased rapidity of travel, 
especially by nindane. Those cities and towns through which jeUow 
fever would have to pass in order to spread from the jungle areas 
or to invade an uiiinfectcd country have a apedal responsibility for 
keeping themselves noninfectible. 

THE IDENTIFICATION OF YELLOW FEVER 

To be completely on their guard ag^iinst ifeyyp^i-tratismitted yellow 
fever, tJie health authorities need to bo in a position to recognize yel¬ 
low fever immediately if it should appear, particularly if adequate 
steps have not idready been taken to uiuke their cities uoninfectibla. 
The history of yellow fever contains many instances in which failure 
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to suspect yellow fever or disagreement as to the diagnosis have caused 
the loss of valuable time. M^o longer is it sufficient to accept as final 
the weighed opinion of the experienced clinician, although a decision 
on the basis of symptoms may be aU that is possible before the first pre¬ 
cautionary measures have to be taken. For the final decision as to 
the nature of a case or outbreak, the laboratory is now giving con¬ 
clusive information even when the cases are clinically mild and lack 
nearly all the well-known classical symptoms (Sawyer, 1939), In 
such cases blood specimens are drawn asepticaUy as early as possible 
during the acute disease and again 3 weeks after the onset. If the 
serum from both specimens is examined by means of the mouse- 
protection test in a yellow fever laboratory, and the first specimen 
gives no protection against yellow fever virus while the second protects 
definitely, the case is one of yellow fever. If neither or both speci¬ 
mens give definite protection, the illness must be some other disease. 
Where a more serious investigation is required, the attempt is made to 
isolate the virus itself from cases during the first 3 days of illness 
by injecting blood serum from the sick person intracerebraUy in 
amounts of 0.03 cc. into six susceptible mice. Any virus thus isolated 
may be studied in detail in the laboratory. Great care must be exer¬ 
cised to prevent infectious blood from coming into contact with the 
hands of a nonimmune investigator. These methods establish the 
diagnosis beyond dispute whenever the case has been seen early. If 
there are fatal cases, it is important to obtain at least a specimen of 
liver by autop^ or puncture with the viscerotome end to send it in 
10 percent formalin to a pathologist acquainted with the lesions of 
yellow fever. The determination of the nature of tlie disease in the 
individual case is, however, only one step in the thorough epidemio¬ 
logic investigation necessary for the adequate study of an outbreak 
of yellow fever. 

THE PROBABLE ABSENCE OP YELLOW FEVEB OUTSIDE 
SOUTH AMERICA 

When adequate in number, sufficiently representative, and com¬ 
pletely negative, protection tests give the strongest possible evidence 
of the absence of yellow fever, whether transmitted by aegypti or 
the unknown Jungle vectors. The results of protection tests of sera 
from North America, Central America, and the West Indies were 
published by Sawyer, Bauer, and Whitman early in 1937. The speci¬ 
mens had been collected by many cooperating persons from 1932 
through tlie early part of 1936. When the collection began, jungle 
yellow fever had not been discovered or defined, and fewer specimens 
were taken in rural or forest environment than would otherwise have 
been the case. Moreover, a brief survey with completely negative 
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results only in young children could not be accepted as fully conclu¬ 
sive evidence of Lhe uhsence of yellow fever, and this was the only 
evidence available In some countries. The disease had been present 
in SI Salvador in Uie funn of a sudden epidemic of unknown origin 
HE late as 1924 and bad been widespread in Central America and 
Mexico in 1921, and consequently many adult imm unea were discovered. 
The results of the survey were in general consistent with the cuinplete 
disappearance of yellow fever frotu the entire legion, including Kortb 
America, Central America, and the TVest Indies, hut the htidlng of 
three protective sera among those from Mexican children under 
10 years of age made it seem probable that utirectignlaid yellow fever 
infection had existed in that country as lato as 192C, when the yoimgoHt 
of the three imm une children was born. It was oppareut that yellow 
fever might still be lingering in Mexico or some one of the Central 
American countries or West Indian islands, and it was decided to 
watch the situation over h period of years and invostigate all suspicious 
reports. Canada and the United States seemed definitely free of in¬ 
fection. In the absence of any suspicion of the rcintroduction of tho 
diseosc, no further investigation of these two countries was made. 
In Mexico, the West Indies, and all hut two of tlm countries of Cen¬ 
tral America, there have been neither observations nor njmora sug¬ 
gesting the reappearance of yellow fever. Accordingly, the tenta¬ 
tive opinion that they are free from yellow fever, as published in lOST, 
seems to have bean strengthened by the lapse of time. 

OiSJSS EESEilBLlNtJ lELLOW FEVEE IN COSTA BICA 

Reports of two fatal illnesses in Costa Rica aroused apprehenaion 
le.st jungle yellow fever might be present there. The first case origi* 
noted early in October 1938 in the town of Partita at about the mid¬ 
dle of the flou til western coast of that country, and Hie patient died 
in a hospital in the town of Puntarenas. Parrita k in a region being 
developed for banana culture by the clearance of virgin jungle, eiactly 
the kind of situation which would bring jungle yallow fever to light 
if it were present. Tho symptoms of the patient included pro¬ 
nounced jaundice, high fever, slow puke, albuminuria, and vomiting 
of blood. There w as no necropsy. 

Tho second ca so was in a man 26 years ol d. It originated in Sierpe, 
on the Beacoaat near the southwestern and of the Pacific dope of Costa. 
Rica, Here too, there k a banana development and forest clearanoe. 
This patient’hiid fever, a puke rate of 120, albuminuria, acute epigas¬ 
tric pain, slight jaundice, and perektent vomiting. Tlieie were no 
malaria parasites in liis blood. The patient died on the fourth day 
after admisfion to hospital at Puntarenas. At autopsy the stomach 
was found to contain a dork fluid, and there were hemorrhagic spots 
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In tJLUC)Of[&. Tb« U vcr was yellow and friable and tha kidneys large 
and congosled. There were no hietologiral eMminsitians. 

Hq further 0 H»eH auHpieiotiH qf yelluw fever were reported. It was 
decided to make a thorough Gtudy of the situation in the fore^ed 
hiuterlat^d of iJie Ckilfo Duiee region on Lbe Padde alupe, iulEnd from 
the place in which the second case had occurred. 

The investigation wasconsidei'ed espedalJy necessary as the previous 
investigation in Costa Rica bad been confined largely to urban com- 
mnnities and had not rcachetl Lha forested j-egjoiii?. In the original 
immimity survey of Oosta Rica IBO blood specimens were ceUected by 
Dt* D. hf. MoUqj from 1032 to 1031 in the cities of San Jose^p Alajuela, 
Liberia, Puiitarenaa, and Puerto Limou and sent for examination to 
Lho laboratories of the Intemalional Health DiTiaion of The Rocke¬ 
feller Foundation in New Tort Tho results were included in the re¬ 
port published by Sawyer, Bauer, and WJiitman (11137). Tliere were 
no immunea among the 115 persona bled who were under 20 years of 
age, while there were 18 among the 75 older per^ns. Among the cotui- 
tries of Central America, Costa Rica and Panama stood out in the 
published report as the oidy ones iti which linmunos were not found 
in the age group 15 to 19 years. 

Realizing the significance of Uie reportw of au^pECied yellow fever, 
Dr. Pefia Cliavarria, then Secretary of Public Health and Welfare for 
C<ystn. Bieai and Dr. Hwirj' W. Kunnn, of the Inlemational Health 
Division, made a field investigation in January 1939 and collected 133 
blood specimens from thiw Boruca Indian communities in the region 
in which the deatlis had occurred* These village were Potreru 
Grande, Boruca, and Palmar. Tliey are located in or near extensive 
tracts of virgin forcat at elevations of 800 feet, 2,ODD feet, and 100 feet, 
respectively. Specimens were taken only from persons who had ab 
ways lived in the- saine locality and this restriction prevented obtain¬ 
ing more than 19 specimens from males over 15 years of age. Tlie in¬ 
habitants were principally Indian^ although some of the blood donors 
ware mestizos. Some of the older Indians stated that lhaj had oflen 
seen ^vere casee of fever, gome of which were fatal in a few days and 
were characterized by jaundice and black vomit. No evidence of ma¬ 
laria was found in Boruca, but the disease was quite prevalent in Pal¬ 
mar. As in die case of tho other investigations here reported, the 
specimens were mnt to the laboratories of the International HeaJdi 
Division for examinatjon. No evidence of immunhy was obtained in 
any of the tests. The results are included in table 1. The locat ions 
in whicli blood specimens were collected ora oliown in figure 1. 

Although the investigution seemed adequately to rule out the pres¬ 
ence of ydlow fever in the region in which the suspect cases hat! oc¬ 
curred, it was deem&i advisable to make similar iiitiuiiies m other 
represeiitativo forested regions of Costa Rica, In the following vear 
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Dr. Henry W. Kumm oollectied 70 hlonti speclinensi Innn the Gimtuso 
Indians. They irihabit a. forested region about equidietant frfim ths 
Atlantic and PaciBc Oceans near the tiorthcm frontier of Costa 
Sict, in the Province of AJajuela. As is seen in table 1 the protection 
test nisulta were entirely negative. Dr. Kumm then completed the 
study by investigating 10 districts of the Tahunanca Valley at the 
Boiitlieastara end of the Atlantic elope of Costa Kica. The number of 
specimens collected was 19S and the results are classified by gruupa 
in table 1. The persom bled bad never been out of the area. They 
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maae la 1032 ^ and lOStMa 

were mostly American Indians, although a few weiB listed as mestizos 
and were ordy partly of Indian blood. Tlia blood from the Tala- 
manca Indians was devoid of protective power against yeUow fever. 

The new evidence, when considered in relation to that which was 
previously collected, atrongly suggests that yoUow fever lifts not been 
present in Cost* Kica for at least 20 vearB and that it had not been 
prevalent among the Indians of the forested regions of the mtenor 
during the lives of the present inhabitants, Tliere is a po^ibility that 
these regimia were never involved. Tlw conclusion publisheil in 1937 
that yellow fever had probably not been present in Costa Rica since 
the opidcmic of 1910 seems still to hold good. 

-W 
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FURTHER INTESXIOATIONS IN PANAMA 

1r the repuft by 8»wyer, B»uer, and WhitHflan (1&37) it waa stated 
that no ptotectjpo sera had been obtained in PananiA from persons 
born afler l£»05, the date of tho lost recognized case, but that further 
inTe^igation in pragresK in Uie territory south of the FanBima 
Canal Zon^, a region ^^hich had not then boen ^tidied. Through the 
courtesy of Dr. Herbert C. Clark aud Dr* Csirl Johnsonj of the 
Gorgas Memorial Laboratory, and Coi Georgo B. CaHender^ of tho 
Army Kesenrrh Boaivlj Panama Canal Zone, specimens were subse¬ 
quently obtained from Dati^ Proviaoey from the San Bias Indians, 
and from Santa Rosa on the Chagres River. The results are shown 
in table 1. Of the 149 children of Darien Province who were teated, 
two gave protective sera and were aged 11 and 12 years. None of the 
56 Cliagres River specimens from children protected. Of the sij San 
Bias children tested one^ aged 9^ gave a protective serum. This serum 
wm rolled ed m 1936 and the evidence suggests that yellow fever was 
prcsdit at least as hite as 1927. No coucluj^ion us to the preHeut exi-it- 
enre of yellow fever tlicre can be drawn except that it has not yet been 
shown to be preseuti but if ydlow' fever axieta in CrnLral Auierlca it 
will prcibably bo found in this region of Panama dose to South 
America. A cooperative program inciutling viKCerotouiVi protection 
tests, atid supplciuentary studies in this region lias been arranged 
la-tween the government of Panama and the International Health Di¬ 
vision, and ulLiumtdy Jt alioulil he known wheLher the virug in actuaDy 
present. 

JtrNGliK PEVR R XN SOUTH AMERICA 

The reports of Soper 1933} on the studies of jungle yellow 

fever in South America leave httle to be addci] here. An itupurUnt 
recent obfiervation was made by Shamiou, Whitman^ and Franca 
(i93S), who denionstrated that wild'Caught forest-inhabitmg ratw- 
quitocs of Brosdl of the species Aedejt I^U£oc€la&nu^ and Bacmagogw 
caprif/mn cofttained yellow fever virus and were capable of infecting 
rhesus monkeys by biting. The epidemiology of jungle yellow fever 
is not yet compietely known. The infection h Hwnsmittcd by some 
veetor^ or perhaps severe!^ peculiar to the uncleared foreat, ami it 
is probable that animals other than man and monkeys are involved 
in the transmission cycle. The infection may be endemic in the sense 
of being continuously or frequently present in an area, as for example 
in the vicinity of AIuzii, Colonsbia, or it may be sharply epidfmic. In 
the latter case, the infection appears at timcii to invade new territory 
and prnbibly to diKuppcar from previously infected areaa. 

3oper (193S1 has described a progressive epidemic, or of 803 * 
sonal epideniic:a, which w-as first oh^rved in 1DS4 at Corond Fonca In 
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Mnlio GroHio in die renter of Brndl, lUid which htts airioe tlieo pro¬ 
gressed eastward, then southward, and again eastward in warm-season 
outbreaks through the status of Qoiaz, Minoa Geraes, Sao Paulo, and 
Bio cle Janeiro. This year the epidemic was manifest in I^pirito 
Santo, still farther to the east, and cases weiie found lurtlicr to the 
south in the states of Parand,Santa Catarina, and Bio Grande do Sub 
It seemwl quite probable that in the far soutli, territory had been in- 
raded which had previously been entirely free of the disease, for 
yellow fever had not been reportet] lo Rio Grande do Sul during the 
last decade. As the principal epidemic advanced to new territ ory, the 
area involved dm-ing the pievioua yearx become almost free of cases, 
probably largely on account of natural immunisation of available 
animats and men and partly os the result of preventive vaccination 
of a consiclerable proportion of the population. 

In Colombia, whera jungle yelhiw fever ta being etndied by Dr. H. 
H, Smith and his associates in the yellow lever service maintained 
cooperatively by the government and the International Health Divi¬ 
sion, o shift of the involved territory has also been observed. Dr. 
Smith reports that an epidemic of jungle yellow fever has appeared 
recently In areas to the west of the Magdalena River in the states of 
Caldas and Antioquia, where cases had not previotisly been observed. 
This outbi'cak is being studied. At the same time, it is becoming 
apparent dtat jungle yellow fever has largely disappeared from 
the region around Villavicencio, where there were epideioiR condiiiotia 
in lOiM end where a Qcld laboratory has been built to study the 
disease. Cases were diagnosed in the goncra.1 n*giou of Yilluvicencio 
each year from 1034 to 1088, but in spite of careful observations no case 
of yellow fever has been found in tbat area since August 1038. Even 
animals with protective sera ore being found less frequently in this 
region tlian fannerly, and studies with sentinel animals exposed in 
tlie jungle, and protection tests on young wild auimals have led to 
the belief that ndiva virus is not now present in the area. 

TUB Q$B Of YAGCTNATION IN PILEVBNTINU THE Uf&KAO 
oy XELLOW FEVEB 

Tlic present yellow fever situation on wliich control measures must 
be based may briefly summarized. There appears to be no yellow 
fever outside South America, unless possibly close to South America 
in Panama. There have been no recognized urban outbreaks of 
aa^ypft-tmnsmitted yellow fever in South America for several years. 
Jungle yellow fever occurs continuously in endemic form or as wan¬ 
dering epidemics in a vast area involving the greater part of the 
Amazon watershed and extentling into the interior of Colombia and 
the hinterland of other countries. . 
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Th« 6rsl obvious control moasuro bas already been mentioned. 
Cities in South Ajnerira or elsewhere which are threatened with inva* 
don by yoUow fever from the jungle areas should keep themselv^ 
noninfectiblo by the well-knovTn methods of controL There 

sUll remains to be eonddered the more direct control of jungle yellow 
fever itself* 

Jungle yellow fever is very widely distributed in sparsely inhabited 
regions and is ooldom revoalcd oxcept when a eonsidemble number of 
susceptible persons ore present and become infected. 
control 19 inapplicable because tliat mosquito is not involved. The 
suppression nf uther vectors in at present impraetjcable l>eeiiijse It 
is not known what insceta play tho dominant role in transmi^ion^ 
and it seems improbable that thorough and widespread iofsect control 
will be passible in the jungle areas. Ejderinination of the infection 
is obviously imposdble at presenti The prevention of djserise in hu- 
miin beings Uirough widespread vaccination becomes our only prac¬ 
tical means of keeping the people of the region nomnfectible. 

T.arge-srale yellow fever vaccination hns be«en applied mcjstly to 
stop an existing epidemic or immunise against an expected one. The 
effective use of vaccination on a large scale in Brazil for 5 uch pur¬ 
poses has been described by Soper and Smith (l£^38b). In ColombrnT 
in the absence of such large sweeping epidemics, much thought is 
being given to the immiiniKation of selected communities for the pur¬ 
pose of preventing the possible future spread of nearby jungle yellow 
fever through them* At the same time^ vaccination ie being made 
tivailable tothe people^ usually relatively few in number, under actual 
exposure in the jungle areas* Even this is an important measure 
to prevent the spread of yellow fever, for it is ills non immune work¬ 
ing in the jungle who will become infected and bring yellow fever 
into the towns and cities* Tlie nwd is for the intelligent mapping 
of the campaign against yellow fever^ using both a^gfpti control in 
the cities and vaccination at strategic points, which arc obviously our 
lucigt effective prp>®nt safeguarda ngainet surprise invasion of our 
cities anti our commerce by yellow fever. 

To use vaccination effectively and on a targe scale it la necessary 
to have available a vaccine which is both aafe and effective. Tlie 
vaccine in use in the Arnericae is known as iTD* Its safety and 
efficiency have been up to expectstiona, ob is shown by the report of 
Soper and Smith (1938h), but experience has shown that eternal vigi- 
lariCH will be needed to keep this living vaccine at n low level of viru¬ 
lence and free from contaminaljng viruses and at the same time to 
avoid any fall in immunizing power. 

Much has been done to improve the vaocius since Sa^vyer, ^tcheU| 
and Lloyd (16£2) began vaccinating human beings effectively with 
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yellow fever virus adapted to mice and human immune eerum. Tlie 
original metlicxl could ba used only on a Email scale on account nf 
tlie difiicultias of obtaining enough of the immune senim- Through 
years of patient research the virulent Asibi Btram was so modified 
til rough tissue culture by Lloj’di Theiler, and Bicci {1$3C) and Tbciler 
and Smith {1937) thet its lovcrcd virulence made possible its u* 
without At the same time, the use of ehicfc embryo tissues in 

place of the brains of living mice in producing the vaccine reduced the 
rUk of the introduction of unknown pathogenic viruses, thuB increas¬ 
ing the clement of safety. After the experience of Findlay and Moc- 
CnJlum (IKT) ond Soper and Smith (lB38a) with delayed infectious 
characterized by jiiuiidice after yellow fever vaccination with tissue 
culture materia], used in the latter case along with hyperimmune 
serum, the possibility of the introduction of an, unknown virus into the 
varciiiH from the blood of apparently hcaltliy human donors became a 
matter of concern. An a result, human serum used in the tisae cul¬ 
tures is now being inactivated witli heat.* Any repurta of jaundice 
or other sjymptoms following vaccination are. being carefully investi¬ 
gated. One anch report in 19S9 is still under study in Broail to find 
out its possible relationoliip to the vaccine. With the present^ pre¬ 
cautions the tisiue culture voccine 17D would seem to have as high a 
degree of safety for the vaoeinatod person as could be expected of a 
biological product containing a living virus. That the infection is 
not likely to be epread from vaccinated persons to others through the 
medium of mostiuitoes and finally to revert to a more virulent form 
has been shown by the studies of ttoubaud ond his osaodatca (1937) 
and Win tmon (1989). 

Aa to the effectiveness of the vaccine made from strain liD, there 
has been much recent evidence. Reports by Smith, Penns, luid 
Paoliallo (1938) and by Soper and Smith (1938b) sliowed a high 
percentage of immuncs among vaccinated [jersons whose blood was 
afterward tested by tho mouee-protecLion te^. At the end of 1933 
and early in 1930,'however, the results with certain lots of vaccina 
were not »• happy, aa reported by Soper, Smith, and Peiurn (10^)- 
While 90 percent of persona tested after vaccination earlier in 193S 
had developed protective antibodies in their blood, and field e.vpericnce 
in the presence of epidemics Jmd suggested that vaccinatod graups 
were protected against natural infection os early aa 1 week after 
the imomlation, a'considerable number of pertona vatoinated at die 
time mentioned and later eaponed to on anticipated epidemic developed 
yellow fever. Among 130,000 persona Toocinaled with 15 different 
Io(a of vaccine, there were 58 aioos and 14 deaths from 7 days to 14 
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monthB after vaccination. Groups vaccinated with certain lots of 
vaccine showedtabsence of demonstrable protective antibodies in from 
50 to 80 percent of the cases. Investigation showed that the ineffective 
lots of vaccine contained living virus which had undergone over 309 
passages in tissue culture, while the virus previously used so success¬ 
fully had been passaged only from 229 to 255 times. It was necessary 
to test and revaccinate many persons for their protection. There 
seemed to have been a qualitative change in the virus which resulted 
in a drop in its antigenicity. Whether this was directly due to an 
excessive number of passages is being subjected to experimental test 
in Colombia and the International Health Division Laboratories in 
New York, as well as in Brazil. The return to lower passage material 
has again brought satisfactory results. To prevent the recurrence 
of this episode, new lots of vaccine in Brazil are being used first in 
vaccinating small groups of persons whose sennn must pass a rigid 
test for protective antibodies before the lot is sent into the field for use. 
In simplest terms, the outstanding features of the yellow fever 
situation in the Americas are: (1) absence of definite outbreaks of 
urban, oegypti-tTBnstnitted yellow fever anywhere; (2) absence of 
recognized yellow fever of any transmission type outside of South 
America; (3) jungle-transmitted yellow fever, endemic and as migrat¬ 
ing epidemics, in wide areas of the interior of South America; 
(4) effective methods for keeping cities nonmfectible through aeggpti 
control; and (5) a safe and effective way to immunize against yellow 
fever and prevent its spread from the jungle to infectible cities. 
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SOME FOOD PROBLEMS IN WARTIME * 


By Oeoaas B. Oowoixt 
Tala VnlBertiiy 


As a rpaalt of tha frar, commiinitiaa all over tbe Kution lue finding 
tbeir young man in the armed farces sorting ^ reprcsentatiTea m 
almoist every part of the world. Consider^ for example, a group of 
men from your own community. One of them may be in an ortiUery 
unit hidden in the jungles bounding the Panama Qintil. Anotiier 
may be doing guard duty iu Iceland. A i.hm] “joined tbe marines** 
to see action, and haa seen it in tbe Solomon Islands of the South 
Pacific. A fourth received training as a mechanic for servicing air¬ 
planes and eventually found himself in an air squadron suddenly 
assigned to duty in North Africa. 

Before the war, all these boys were exposed to u reasonably uniform 
set of influences, social, climatic, and otherwise. Their habits of eat¬ 
ing are a reflection of famity training, racial background, the kinds 
of foods readily available in their ootumunity, and related factors. 
Now that th^ are in the Hervjce, will thoir diet be quite different from 
that to which they have been accustomed I Will it vary according 
to the part of the world in which ttiey arc serving? Tliuse are some 
of the questions that will occar to their parents and friends. 

The planned feeding of our armed forces today affords a marked 
contrast to that of the days of 1914-18, Between 1800 and about 1010 
it was considered that any combination of foods tliat furnished enough 
ener(^, protein, certain mineral nutrients like calcium for I be iMines, 
and iron for the blood would meet the requirementfi of g^ nutrition. 
Today if a student of tliia scienco ottempta to list individually all of 
the specific factors known to bo important for nouriBbing the body, he 
must mention approximately 40 items, the exact number depending 
upon whether certain claims for existence of new vitatoios are to bo 
regarded as acceptable or not. We are much closer now than our 
predecessors ever were to being obl« to write a ipmpJetit list of 
factors required, A rough classification of them would be as follows. 
(a) food energy, measured in calorics; {&) protein; (c) mineral 
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tiutrtenb); and {d) vitamins. In addition to knowing tliat tlicsomany 
factors arc necassai?, also have at hand somo information bearing 
on the question of ht>w much food the average pereon needs, and the 
factors liiat may change that requirenjent- Although at the present 
time we do not. know ail w« should like to know about the requiremciits 
of certain dietary essentials, such as vitaniinH Bi and Bj, we already 
have a body of knowledge aiiflieiently large to warrant interesting 
applications not merely to a civilian peace-time population but an ever¬ 
growing armed force aswell. All thia information has been used in 
planning the commissary of our armed forces. In other words, the 
modern science of nutrition enables na to deal with this new world¬ 
wide food problem in far ninre efTcctivc fashion than was ever before 
possible. 

For about 10 years, tlie Chicago Quartermaster Depot of the Unit^ 
States Army has maintained what is calleil the Subsistence Research 
Laboratory devoted to Uie application of this modem knowludge in 
the practical solution of army food pioblems. The older standard 
rations have been examined in the light of the new developnienta and 
appropriate changes mode. Numerous new rations designed to fit 
special situaiiona in the (Leld have been devised. The question 
wlmtliar the good standard army-post ration in (■oinmoii nse in this 
country, known to contain ample ituppliea of vitamins and other 
eesential factors, would Iw Improved by supplementation with vitamin 
tablets has been put to scientific test with soldiers under properly 
controlled experimental conditions. The answer to this particular 
question proves to be negative. It does not iiBturwsoriJy follow from 
this that the provision of an unusual and extra supply of one or more 
vitamins to soldiers never nerves any useful purpose. Ab yet too few 
of the special work situations of interest have really been investigated 
from tills point of view. In another Study, carried out in a university 
laboratory, where men subjected themselves to extreme muscuiar work 
to the point of exhaustion, it was found that their endurance of, and 
c ase of recovery from, the severe strain was related to their rweiving 
daily a liberal supply of a natural source of the vitamin B complex 
{such as dried yeast); daily administration of a supply of vitamin B, 
alone woe not'os effective. In still another sUiilj, evidence has been 
obtained that two of the must recently diseovered members of the 
vitamin B complex are of some importance in relation to muscular 
fatigue and recovery from vigorous exeieise. Numerous investiga¬ 
tions relating to Ibis general problem are being carried on in the 
laboratories of the country as part of our rosearoh contribution to 
winning the war. 

Earlier in this ardele the factory important in nulriiion were 
classified. The fiiat one to be mentioned was energy. The need for 
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thw factor has loag been known. It was the first to receive thorough 
scientific invesUgation. At the risk of seemii^ to emphasis the 
obvious, I must Hummarize briefJy important facts centering around 
food energy. Failure to “eat sufiSciwit calorics” results in loss of 
body weight because the energy cost of living cannot be dodged^ and 
therefore the body consiunes its own tiesueH in order to seeuw the 
ne«1ed energy. Conscious and planned xcductinn in consumption of 
calories as a means of reducing weight is the scientific baaia for the 
so-called Hollywood diet by which one “cats to get th ijn” T^e amount 
of energy required by a normal individual ia related to bia age, 
body size, and amount of muscular eserciae, this last named 
most variable and perhaps the meat significant of all the f^tora lirted. 

The laiman frequently asks whether mental effort or strain liaa 
an energy cost. In discuaeing this topic, one must distin^ish 
between the energy cost of the special aedvity of brain ceUa associated 
with intense cerebration and the energy demandH due to emotion^ 
reactions which involve greater muscular activity. It has pKwrf 
impossible to measure tJie energy cost of the mental effort involved m 
studying for an examination, for example; it doubtl^ exists but is 
so small a fraction of tlie totol energy exchange o^the body that it 
cannnt be measured by the methods used hitherto. On the other hand, 
emotional reaction or “strain” that brings about greater muecol^ 
activitv. mow intense applicalAon to a task requiring mu^ular effort 
or activity of a different aort, is thereby apocialed with a great^ 
energy exchange; in this dtuatlon it is obvious that the energy c<^ 
being measured is quite definitely related to greater activity of the 


muscles. 

Measurements have been made of the energy costs of various occu¬ 
pations, and the results have constituted the basis of numerous 
published in standard torts. Of course, the energy cost of the soldier s 
life needs investigating, and such studies have in fact been made. 
The results of tBoso investigations have been utilized in tlie formula¬ 
tion of speciol rations intended for use in special situations. 

In these days of modem mechanized warfare, the troops may 
move verv fast, and it is not always practical for tic mess sergcmii 
and cook'to set up the old-stylo traveUng Idtcheu. A foi^ that » 
concentrated, readily digested, nu^tionally complete, 
and uackagod in a way that permite rough handling in the field, is 
the id^l aimed at for this warfare. Su* a ration has been devised. 
It has been tested on the members of th a Subsistence 
toiT and also in the field, in mounUinous country and m 
-n/1 51 hM been indeed satisfactory. For ciaraple, Field Baiion K 
is I three-meal package of concentratc^ood forniahing 8,726 calone^ 
and packed in a beat-and-cold-proof box, 6 by 6 by 4 inches. The 
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breakfast package furnishes enriched biscuits, compressed graham 
crackers, veal, a fruit bar, malted milk dextrose tablets, soluble coffee, 
sugar, chewing gum, and four cigarettes. The contents of the dinner 
package are much the same with the addition of powdered bouillon, 
but without coffee or fruit bar. For supper the allowance is biscuits, 
cheese, chocolate bar, fruit-juice powder, sugar, chewing gum, and 
cigarettes. Gum is included because its chewing promotes the flow 
of saliva, thus keeping the lining of the mouth moist, and this seems 
to reduce the consumption of water. In field trials of the rations, 
cigarettes were found to have value in promoting morale. 

People frequently ask the professional nutritionist whether armed 
forces fighting in various parts of the world have different food re¬ 
quirements according to the climate in which they find themselves, or 
to other factors peculiar to their respective regions. Must the soldier 
in Iceland be fed differently from his comrade in Morocco! 

The observation that marked differences in food habits characterize 
the inhabitants of different parts of the globe may suggest to some 
laymen that the nutritive needs of these widely distributed people are 
correspondingly different, and, therefore, in the feeding of our armed 
forces, differences in requirements seemingly related to regions should 
be considered. Students of nutrition agree that such an interpreta¬ 
tion of the fact of variety in food habits is erroneous. The kinds of 
foods eaten by any group of people constitute a refiection of economic 
factors, such as availability and relative cost, and socioreligious fac¬ 
tors involving established customs, taboos, religious training, and the 
like. Naturally, foods that are readily produced in a given area will 
predominate in the dietaries of the hihabitantB of those areas over 
foods that must be imported. 

If differences in food habits do not mean differences in fundamental 
nutritive requirements of different places, it follows that a basis 
ration, with perhaps minor modifications, could serve for all troops 
regariess of where they are. All soldiers will need enough calories 
to meet the energy costs of their respective activities. The soldier 
in Iceland will have to face the problem of greater heat loss to the en¬ 
vironment and will solve this very largely through the use of warmer 
clothing and heated quarters. The soldier in Libya will dress so as 
to facilitate loss of body heat to environment. It is quite possible 
that the soldier in Iceland will eat a few more calories daily than his 
comrade in Libya depending upon the severity of the celd weather 
and the care taken to conserve heat through proper clothing. 

The soldier in Libya, and particularly his comrades in the humid 
Tropics, will have another problem to face: that due to the greater 
sweating caused by the warmer climates. It is known that workmen 
in steel mills and other industrial plants whose activities resqlt in 
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profuBB sweating may lore »o much salt through the sweat as to de¬ 
velop muscle crnmpJi fltid pains; the admiiiistcation of tnhlets of table 
salt has been found to bo the remedy here, hihI iias become an estab- 
lialied practice in induatrial medicine. Keoently it has been learned 
that nppreeiabk amounts of varloua water-Bolnbla Titamins may also 
|» hist from tho body by way of sweat. Just how signiGcant this loss 
ean be, remains to bo determined by research directed to this speeiSe 
end. For the present uny bearing that ibis fact may Ii£n?e on thfl 
soldier's need for vitamins can doubtless be met by having the basic 
ration contain amounta of these factors that are really liberal and 
appreciably greater than the kiiown miniina. ^ ^ 

Ciinditiona in the Tmpics have playi^d an interesting role in deter- 
mining some of the fipcciflcatinoB of certain emergency rations, such 
an, for example, an eiperlmentnl chocolate bar designed to be carried 
in the soldier^a diirt pocket, and to be eaten only as a last resort wh^ 
Bepanited from the troop unit. The size of the bar was determine 
by the dimenidona of tho shirt pocket. One specideation was that o 
bar remaLft solid at ISO" F,, so that the bar would not tnelt in the 
pocket under tropical conditions and thus become impossible to eat. 
When a committee of srientific adviserB luamplcd numerous bars sub- 
mitted in response to the advertised speeiScationa, some of the mem- 
bars rated cerlain bars unfavorably on the ground of poorer tMte, and 
Were surprised to laurn from the Quartermaster represent a tivei UiaL 
a delectable bar was not desired because it was intended to servo os 
an emergency ration; if its taste was loo good, it would bo ^n too 
soon and thus be unavailable whan tho emer^ncy finally occurred. 

The selection of foods f nr aviators is not without its qieciaj problen^, 
One that might be mentioned here b the advisahiUty of avoiding f^ 
that wsadUy produce gas. When the pilot and his crew nsc to high 
altitudes, gases expand in corresponding degrw; if much gnam present 
in the olimentatj tract, its expansion can cause considerable discom- 


fort. 


Because we m a nation hare been peara-loving, and have not over 
a period of years planned intensively for tho waging of offen&ive 
wi. tho food problems mentioned thus far have received our concen¬ 
trated attention only comparatively n-cenUy. The Axis natioi^, 
tioulariy Germany and Japan, went into the pr^nt ^ar with the 
soldier TehUively well equipped for blitz toctire, jungle ^btmg, and 
the like. The individual Japanese aoldiar carries a remarkable wpnp- 
ment suited for penetration of the jungle. ^ far as our knowledge 
goes, this equipment ineludre rice and certain other 6^ f^ valu¬ 
able in aupplemanting rice with tiie nutritive factors it 

For some years, Dr, T. Saiki, Director of the Im^nal Institute of 
Nutrition in Tokyo, concontratad on tho problem of finding new but 
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cheap fowl resources with which to feed the Japanese mveee who 
arc oxtremely poor. Into ¥arious sections of the country went young 
iitiirleniA and research workers frura Soiki's laboratory to study the 
food values of litemUy everything edihle in those areas, including 
weeds, numerous insects, and other forms of life hitherto unused os 
human food. One result of tli* knowledge thus gained wos tliat 
nutritional IV adequate diets for the masses could be secured for a cost 
as low as 5 cents a day. 

As a result of the war, the shipment of silk to this country was 
stopped. Other uses for tlie salkwonn have been found however. 
Seceiitly It was learned that the silkworai coeoon contains a aigniflcarit 
amount of vitamin Bj. This is now being extracted and used as a food. 
There win ho no doubt that the inforimdion gained through Dr. Saiki’s 
activities is now being applied by the Japanese militarists in provid¬ 
ing the Boldiets atid sailors with the fwnl needed for them to carry on. 
Because the Japanese masses hare long been nccuetomed to simpk and 
cheap £:ire, it ia probably relfitivelj- easy for the Japanese soldier to 
adjust to his special held rations. 

The bulk of a ration cannot be reduced below a certain amount if a 
desired number of calorie* is to be furnished. This point is not 
always appreciated by the layman. Food energy is derived from 
protein, carbohydrate, and fat, the first two of which yield 4 calories 
pet gram in contract to fat which fumislms 0 calories per gram. The 
“average man’* weighs 154 pounds (70 kibgrtuns) and requires 8,000 
calories per day. To secure this number of calorins from the most 
concentrated source available—faL—MS gi*ams (roughly three-qusr- 
tora of a pound) am required. However, man develops ketosis when 
fat funiieshes more than about one-half u£ the energy. Calories from 
carbohydrate are requirail to prevent this. Therefore tlie 338 grams 
of fat must be dilut^ with some carbohydrate; still more dilution is 
necessary in order to secure needed protein, mineral nutrients, and 
vitamins. 

This question of bulk has osHumed great importance recently. In 
natural foods, the various dietary factors may be greatly diluted with 
water, Seede like the ceieal grains and legumes, and special products 
made from them, like baked goo^, M* concentrated foods which arc 
low in water content in contrast to muscle tissue, for example, which 
Ims from 70 to 80 percent water, and a food like canned tomatoes 
which contain over 95 percent water, in the early days of its work 
in this country, the Britleli Food Commission bought jatga quantities 
of woter-rich foods like canned tomaioea for shipment to England. 
This meant iiring a large part of the available space for shippltig the 
water contained in these fooils. As a result of the sinking of so many 
ships, it has become necessary to maka the best possible use of all avail- 
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able ahipping space. Eliminatinn of the "water present in many foods 
fay conimercJiiJ dehydration processes has time iiswumed tremcDdoufi 
importance. 

Tfao dehydrated-fnod industry is tatpanding at a most rapid rate. 
Tins expansion bos been ^a great and is so important that the Govem- 
ment has established a school at which interested industrialists may 
iearn the dehydration processes thut have been perfected and iiow a 
given indufitrisi plant may therefore be converted to Uie dehydration 
of one or more foods. 

Some idea nf what, the saving in shipping space can be as a rKsuIl 
of ddijdration can be gained from tho following: A ah ip’s ton of 
canned boiled potuto furnishes only DSO poniids of potato. Tho same 
ship's ton of dehydrated potato, when reconstituted by the addition 
of water, supplies S,1}fiD pounds of this vegetable. Dehydrated foods 
as prepared for shipment take, on an averogo, only about one-sixth 
the cargo apace required for idiiprnents in nondehydrated or natuml 
form. Another fact of particular interest is that many dehydrated 
foods, dry skim milk and eggs, fur example, can bo packed in nonmetid 
contrtiners thus saving tin, the supply of which is dangerously low. 

Over a [>eriiKl of years, many important fooda have proved to be 
very difficult to dehydrate satisfactorily; recently, as a result of 
intensive i:tx[>erimentatioi], they liave yielded to the 1atx>ratory in this 
iiespect, and can now be used not only in economical shipmants abroad 
na food for civilian jjopu la Lions but as irigrad Lenta of concentrated 
rations for tire armed forces. Meat is a good example of this. Dried 
soup sbxrks nf known nutritive value have alsn liccn made from which 
tasty soups may be prepared by the mere addition of water. One 
food concern recenlJy aiummiced that it had finally gurceeded, after 
much laboratory ciperimentation, in drying hom-and-eggs. With 
such a product It becomes possible to provide the American soldier 
with this traditional reminder of breakfast at home regordJesa of 
where he may liapia>ii to be. 

In our American approach to tire food problem wc have not gone 
so fat" in developing tfollruly new food resources aa Saiki has done in 
Japan. However, a survey has revealed that there are many valuable 
foods in this country not now being used in tltu quantities tliat tlieir 
nutritive values warrant, A few examples are skim milk powder, 
peanut meal, products of the soybean, pig end dried yeast. The 
oil of tho iJcaiiut is squeezed out and used in soap making, and the 
manufacture of munitions and other products; the meal residue, 
valuable as a source of protein and certain vitamins, could well be 
used more as a food by man. It hss already proved possible to make 
a tasty broad containing as much as 20 i^rcent peanut flour. Skim 
milk powder \a an especially valuable product that In used to some 
59ST«fl-^< —Wt 
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extent an ingredient in making Cfjrtaiii human foods but to a miich 
greater extent as a amiponent of feed for livestock. Greater use of 
it by our housewiv(^ would improve significantly the nutntion of our 
people. In certain industries devoted to the prtxhiction nf special 
srubstances from animal tiasues^ such ns imtianemic principle from 
liver and insulin from putiereosj the tissue residues remaining from 
ETicb prfH^effeiiig have been largely reganled aa almost worthless* Ee- 
cent tests on animals of thei^e materials for their nutritive value have 
revealtid qualltiea quite tmst^spected and such sj? to give them high 
ratings as foods. Tlio siicciwHful introduction into our American 
Jkterics of these various valuable but at present little-used foods 
will doubtless require education of the consumer concerning relative 
fond values and the role that these nuappreeiatcri ftK>dH may play in 
meeting mitritive needs. Even if such an educational campaign 
should prove only moderately successful in the i^-ealled iieliagi-a areas 
of the South, for pxaiuple, this would be signiSeant in combating the 
pellflgra problem. 

Many of the^ valuable but little-used foods are now being utilis&cd 
in speezal army rations^ dried soup stocks, and the like, and are thus 
finding their way inlo Hm feeding of the armed forces as well os the 
war-tom populations reached by the Inteniational Rod Cross, If 
such products prove aucce^ffiil, it is not uiireasouable to suppose tliat 
they will find a place in the national dietary after the war in serious 
competition with the present estabUahf^El staples. No one ran really 
eay what the future holds in store for us in this field. This much b 
certain: the war has precipilaleti a great deal of valuable research 
in ilift development of new foods* 

It is to be expected that we shall do nil that is possible to feed our 
armed forces sckstitLfioally wherever they may be plai^il in this global 
war- On the home front, we have the problem of producing enough of 
tho various basic food supplies to meet the need not only of the armed 
forces but our home population and that of the 2 \Iljed nations. It does 
not auffiec merely to produce these foods; when they ai^ to be skipped 
around the world, they miisd: be concentrated and otherwise processed 
so as to enable suck ahipo^ent to be made vvilii the minimuni retjuired 
Apace. Some foods like skim milk powder and cheeoe are both higldy 
conoentnited and of high nutritive value, hzkI til us have a eujisricir 
rating in relation to this particular situation. 

Wo may, therefore, receive from time to time from our Secretary 
of AgricuUiire and othar rpsptjiiHible officials recommendations tbiit 
we on the borne front eat leas of certain foods and more of others in 
order to release particular feeds for shipment abroad* Certain foods 
aro now being ratioiUHl for various rea^:ans, and we may e-iptict many 
i}t.hera to be sooner or later. The consumer should wek^oina tlu^i pro- 
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ecduro m hji indication oi careful planning toward solution of the basic 
probiflfn. 

it seems obvious that a successful attack nn tbia phase of our gonand 
problem involTes the education of eveiy citizen in the principles of 
DUirition and dietetiL-s—how to select the guod diet^ how to think ptoc- 
ticall)'^ of food encrgji protein^ mmerab^ and vitaminB in terms of 
oonimon foods, classes of f g<h 1 s from Avhtch substitutes may he selected 
when we are told to conserve some foods, how to ^pack a lunch a man 
can work on,” and kind™l topiesp A program for aLx^nipJishing tlim 
has been formulated^ Thn>Ligb the nutrition division of the Office of 
Defense Health and Welfare iwrvioes in Wssbingtoii a national nutri- 
1 ion prtagram lias been orgmuzed that has in it a place for everybody— 
food producer^ wholesaler, retailer, eonsumer, advertiser, and all tho 
agencies for influencing public opinion- State and local nutrition 
committeea have been cstablislicd throughout the nation. Tlirough 
theso committees and the Red Cross, nutrition ekss^ have been or- 
gnnizetl in such a way as to touch nearly every home in the land. Today 
every citizen hns ample opportunity to learn how, through selection 
of food, lie can in pimple fasliion make a very important contribution 
and adjustment to this problem of properly utilizing our food resonrees 
in order to win the war. 
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